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PREFACE. 



Tilt present litlle volume, reprinted from the 
pages of Vah Nostkamd's Magazine, haa re- 
sultod from an effort to bring Ijefore tiie me- 
cbanical public improved facilities for obtaining 
correct gearing. 

Correct gear feeth are essential for the econ- 
omic transmission of power, as well as ex- 
tremely desirable for avoiding needless rattling. 
Many of the caat gears in'roduced into mills 
and factories may properiy he termed rattling 
machines, and amply because the designer had 
too vague a conception of the theory of gearing, 
or because he sought to avoid the trouble of 
laying them out. 

If this manual, and the odontograph, shall 
contribute toward relieving these inconveni- 
ences, the object sought, when the instrument 
was derised, and an effort made to present it 
in convenient form for use, will be realized. 



.. W. R. 



Illisois Industrial Univkesitv, 

Jul!/, la™. 
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P^KT I. 

THEORY OF GEAR TEETH. 

And Adaptation of Particular Forms 



Though tbe curves which may be em- 
ployed for the outlines of mathemati- 
cally con-ect gear teeth are infinite in 
number, vaiying greatly in external ap- 
pearance, yet all of them must confoi-m 
with one general principle, viz.: tooth 
curves must transmit, from one shaft to 
the other, the same motion as w<nikl the 
pitch lines when acting by simple rolling 
contact. 

This truth is, in reality, axiomatic ; 
and for the present purpose needs no 
discussion or comment. It forms the 
basis of the present investigation, the 
object of which is to show how the 
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curves may differ, and the adaptation of 
certain ones for special purposes. 

In this article the terminology indi- 
cated below is adopted. 

The pitch lines of a pair of wheels are 
lines which pass near the mid-height of 
all the teeth, and separate the faces 
from the flanks. These lines must al- 
ways exist, whether the wheels are de- 
signed with regard to them or not, and 
on which the tooth spaces of one wJieel 
«qual those of the other. 

The face of a tooth is that part of the 
outline of one side of a tooth which ex- 
tends from the point or top of tooth to 
the pitch line. 

The/«/iA of a tooth is that part of the 
outline of one side of a tooth which ex- 
tends from the pitch line to the bottom 
of the space between two adjacent teeth. 
The length of this, reckoned in the di- 
rection of a radius, is usually made a 
little greater than the length of the 
face, similarly measured, to allow foi 
clearance. 

The intoh is the distance, reckoned 
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on the pitch line, from a point on one 
tooth to the corresponding point on the 

The velocity -ratio is the ratio of the 
angular velocities of the wheels, and may 
be constant or variable. If constant, it 
is equal to the number of revolutions per 
minute of one wlieel, divided by the 
same for the other. 

In the study of gearing two kinds of 
contact are considered, viz. ; rolling con- 
tact and sliding contact. The former 
takes place between the iJitch lines, and 
the latter between the curves forming 
the outlines of the teeth. When the 
pitch lines are not circular, the problem 
of determining them so as to give true 
rolling contact, with fixed axes, is quite 
extensive. Tlie pi-esent paper is confined 
to the outlines of teeth, the pitch lines 
being supposed given. 

In the figure, let A and B repi-esent 
the centers of a pair of gears, and M N 
and P the curves of a pair of teeth in 
action. The point of contact C is chosen 
at one side of the line of centers, so as 
to represent the general case. 
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Now, suppose the wheel A to swing 
through the small angle C A E. Tlie 




point C will describe the elementary arc 
CE. At the same time the wheel U, to 
maintain contact with A, must move 
through the elementary angle C B F, and 
C through the arc C F. 

To determine CF, it is sufficient to 
note that as the movements of thewLtels 
ai-e elementary, the common tangent to 
the curves at C will scarcely change its 
inclination appreciably. Therefore, the 
end of the radius B C will be found at 
F, in a line, F F, parallel to the common 
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Draw a common normal C D to the 
curves. It will be perpeudicwlar to E F. 
Then the velocity -ratio may be obtained 
as follows : 

At .a unit's distance from A and B 
draw H I and J K respectively. These 
arcs will serve to measure the angular 
velocities of the wheels, and hence : 
HI 



Ve locity-ratio= 



JK* 



The triangle E F is similar to C D G, 

and hence ; 

AH:AC::HI:CE 

B J I BC; : JK: CF 

CE : CF : : CG: DG 

DG r BO: : AD: AB 

CG : AC: : BD: AB 

Whence, observing that AH=B.I =: 

unity, 

,, , . . H I E C B C C (i 

Ve]ocUy-rat,o=jj^=^^. g^,=j^^-,. 

BCAB BDBDV* 
AC~AD'AB^AD-i>, 



* This geomttrica! solution is essfntially the 
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if V and v represent the angular veloci- 
ties of A and B, 

Hence, when rotary motion is trans- 
mitted from one shaft to another by slid- 
ing contact as in gear teeth, the angular 
velocities are to each other inversely as 
the segments, or parts of the line of 
centers, formed by its being cut by the 
common normal to the curves. 

It is to be observed that at the end of 

same as that ^veu in Belanger's most excellent 
work on Cineniatiijue, page 90. wliere also the 
velocity of sliding is found to be proportional 
to CD. 

Those familiar with Trigonomctrj- may pre- 
fer the following trigonometrical solution. We 

CE=AC.V, CP=BC.B, 
CEr=aJiKle y, CF'E=x, ADC-;; 
and licnce ; 

CEsin.ji^CFsin. x, 
ACsiQ.y=ADsin.j, 
BCsln. x=B'Dsm.z. 
or V. A D sin z=i>. B D sin. s. 
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the movements C E and C F, the points 
which ivere in mutual contact at C are 
now removed a distance EF; and as 
this displacement was accompanied with 
slipping, the amount of the latter ia E F. 
In the similar triangles C E F and CDG, 
we have the same relation between E F 
and CD, as we have between CE and 
OG,orCF and GD. Hence,EF can 
only be zero when CD vanishes; or when 
the point of contact is on the Une of 
centers. ITor this, the contact haa 
changed from sliding to rolling ; and, 
therefore, for rolling contact, the angular 
velocities are inversely as the radii of 
contact. In circular wheels the velocity- 
ratio must remain constant, because these 
segments are constaut ; whereas, in non- 
circular wheels it is variable. In the 
former, the point of contact remains 
fixed, while, for the latter, its position 
varies along the line A B. 

The contact of a pair of teeth must 
continue for a time, at least, long enongh 
for the next pair of teeth to come 
fairly to contact; or, long enough for 



Hosted by 



Google 



12 

the pair of teoth to move through a 
space as great as the length of the pitch. 
Thiscontaet cannot therefore bo contined 
to the line of centers, and hence sliding 
of the curves upon each other is nna- 
voidable*. 

From the preceding discussions it fol- 
lows that in all gear wheels, circular or 
non-circular, the common normal to the 
sliding curves, and the pitch lines, must 
both maintain a common point of inter- 
section with the line of centers ; and 
this condition is the only one necessary 
for fulfilling the general principle stated 
at tlie outset. The common normal, be- 
cause it is the line of action of the press. 
ure between the teeth, friction neglect- 
ed, and, for its importance otherwise, is 
called the line of action. 

Suppose, for example, any curve 
whatever, as 6 « e Fig. 2, be taken as the 

tie conflDBd to the piano ot the axes, and hence free from 



Hosted by 



Google 




form of the side of a tooth of a gear 
wheel revolving about B. TheE let the 
curve <laf be found for the side of a 
tooth of A, which, acting by eliding con- 
tact on hac, will give to A the same an- 
gular motion as that transmitted by the 
rolling curves D E and F G, the latter 
being supposed circular or not. Let D 
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and F be two points of the rolling curves 
which come to mutnal contact on the 
line of ceniera, and similarly for E and 
G. Then arc C D =: arc C F, and arc 

CE = arcCG, *fce. 

Now for the present point of contact 
C of the pitch lines there mtist be a 
point of contact of the tooth curves, and 
because the common normal to those 
curves must nieet A B in C, we simply 
draw C a, noi-mal to 5 « c. This is the 
present point of contact of ttie tooth 
curves, and hence a point of the e«i-ve 
sought. To find another point, draw 
Fft norma! to dae. Then draw T> d 
equal in length to Fb, and making the 
same angle with A D, that F b does with 
BF prolonged. Then, <l is a second 
point of the required curve ; because 
when D and F are in contact on the line 
A B, D (? and F b will coincide in length 
and direction, with d and b superposed, 
forming the point of contact of the 
tooth-curves. In like manner/, and in- 
deed any number of points may be 
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found. Tlie carve daf^ traced through 
these points, is the desired curve.* 

In the above example, A and B are 
supposed to be the centei-s of rotation, 
in which case T) E, and F G, must be fi 
pair of correct rolling curves. But the 
solution is still more general. Any two 
curves whatever, without fixed axea 
even, may be used for the rolling curves. 
and the eliding curves detenu in ed. 
When radii do not exist, tangents to the 
rolling curves may be used to reckon 
the angles by. Such a case, however, 
would but rarely occur in practice. 

This solution indicates that one tooth 
curve may be assumed, and the other 
formed' as a dependence. It fails, how- 
ever, as, being both theoretically and 
mechanically impossible, and so with 
any theory, when the normals C «, F 5, 
&c., will not strike the pitch line. 

Though one tooth-curve may be 
Bumed and the other determined, the 



• This BoIuUou given In : 
appenre to be due to De 1 
eurlj' us 1S94. See Willis' P 
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theory admits of other solutions ; the 
most common being by aid of describing 
curves, called also generating or tracing 
curves. In this case the describing 
curve is assumed and both tooth- curves 
made dependent. To show that this so- 
lution depends upon one and the same 
general theory, let us find a describing 
curve which will generate the tooth - 
curve bac, or d af. 

In Fig. 3 draw g I equal to h I, Fig. 2. 
Then take I C, Fig. 3, equal I C, Fig. 2. 
Also g C, Fig. 3, equal a C, Fig. 2. And 
again C F and g F, Fig. 3, equal C F 
and b F, Fig. 2, respectively, &o., for as 
many points as desired. Then trace the 
euiTe glCF, Fig. 3. This is 'the de- 
scribing curve songht. Now suppose 
this curve be placed in contact with F G, 
Fig. 2, so that g, Fig. S, falls at g, Fig. 
Fig. 3. 
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2, Then by rolling the describing 
curve along toward F, the points /, C, F, 
Fig. 3 will exactly fall at I, C, F, Fig. 2, 
because the arcs gl, /C, CF, are equal 
in the two figures. Also the construction 
makes gl, ffC, gF, &c., intersect the arc 
of the describing curve at the same an- 
gles that the normals hl,aO,bF, &g., in- 
tersect the pitch line, which is easily 
seen to be true by supposing the points 
ff, C, F, &c., very numerous. Hence the 
radii vectors of Fig. 3 will successively 
come to exact coincidence with the nor- 
mals of Fig. 2, and at the same time 
ff will trace out the very curve ffhu h.* 
And similarly, by rolling the same cui-ve 
fr'om i to D, Fig. 2, the curve ikad 
will be traced. In like manner a de- 
scribing curve can be produced which 
will generate, by rolling from ff or i to- 
ward G or E, the remaining portions ^e 
and if of the tooth-curves. 

Thus it appears that a generating 
curve can always be found that will 
trace out a given tooth-curve. But 
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whenever the latter are neither of them 
fixed, we are at liberty to assume a de- 
scribing curve, and this may be of any 
form whatever which may admit of roll- 
ing on the pitch lines. The two solutions 
are therefore one and the same, the dif- 
ference being simply in the part assumed. 
And within this are comprehended all 
known foims of gearing, such as invo- 
lute, epicycloidal, epitrochoidal, pin- 
gearing. Prof. Edward Bang's hour 
glass curve gearing, &e., &c. 

The solution of the problem is there- 
fore reduced to simply this ; any de- 
scribing curve rolled upon the outside of 
one pitch line, and upon the inside of the 
other pitch line, beginning at mutual 
contact points ; will describe a pair of 
faces and flanks which will work correct- 

ly- 

This may be demonstrated by a direct 
graphical method as follows. 

Take pitch lines AD and BE, circu- 
lar or non-circular, and a describing 
curve C A H ; or, which is the same, 
K B I. Also take D and E as the pair 



Hosted by 



Google 




of mutual contact points, where the pair 
of tooth-curves sought begin. Let C A H 
roll in outside contact from D to A, de- 
scribing D C by a tracing point C ; and 
sinailarly rolling the same curve from E 
to B, describes the curve E K. This 
rolling may be continued to any extent, 
giving the full line curves D C, and E K 
produced. 

If the same curve be rolled on tan- 
gents at A and B, two equal curves will 
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be described which are shown in dotted 
lines. Let are D A ~ arc E B — arc 
CA= arc KB= AF :=BG. Then 
chord AC= chord B K, and angle 
CAP- angle K B G. Hence if A and 
B be placed in tangential contact, the 
tangents and dotted curves will coincide 
precisely ; and the full line curves, or 
tooth curves, will have a point of tan- 
gency at C K. Also the curves will not 
pass, one to the opposite side of the 
other, because the full line curve for A 
lies wholly below, and for B wholly 
above the mutually coinciding dotted 
curves. This being true for one point 
taken at random must be true for all, 
giving the precise conditions required 
for tooih-curves. 

We might suppose for illustration that 
the three curves roll upon each other 
with one point A, Fig. 5, in common tau- 
gency. The tracing point C, would then 
trace, simultaneously, the two curves 
shown, one upon the plane of each wheel, 
which will serve to work correctly as 
a face and flank. 
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We are now prepared to draw thu fol- 
lowing con elusions i 

l3t. The faces and flanlts all have their 
origins at the pitch line. 

2d, Each face and Hank couplet must 
be generated by rolling the tracing curve 
in the same direction, on the outside of 
one, and inside of the other pitch lino. 

3d. The contact of a couplet is con- 
fined to one side of the line of centers, 

4th. Couplets which do not inter- 
change flanks and faces may be generat- 
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e<J by different describing curves ; even 
though on the same pair of wheels. 

Different describing curves give differ- 
ent forms of gear teeth, some of tlie 
most important of which will now be 
considered.* 

In practice the pitch lines are usually 
circular; though on shaping and slotting 
machines, and others requiiing a " quick 
return," non-circular wheels have been 
employed with advantage. In Fig. 6 is 
given such a pair of non-circuiar wheels, 
drawn carefully to a scale, with each 
tooth-curve worked out for its particular 
position by the general theory. f The 
describing curve used was a circle, the 
diameter of which was about one-thii-d 
that of the pitch line of A. These wheels 
were designed with special reference to 
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t Drawn bj s toroier pupil, Mr. Emi 
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adaptation for shaping and slotting ma- 
chines, in which the tool is reciprocated 
by a crank and pitman. The forward 
stroke is nnifomi, except for one-four- 
teenth at each end, given for slowing 
down for passing the center. The re- 
turn is accomplished in one -half the time 
the entire forward stroke requires. The 
teeth are made large, proportionately, 
for the purpose of ilhistrating the fact 
that such wheels require teeth which dif- 
fer from each other in form. 

Circular wheels fonn only a special 
case of the general theory ; but as these 
are of almost exclusive use in practiee> 
with the teeth varied for diffei'ent pur- 
poses, the following important classes 
will be considered separately, viz, : 
I, Wheels witli epicycloidal teeth ; 
II, Wheels with involute teeth ; 

III. Wheels with random teeth. 

Epitrochoidal cuiTes have been sug- 
gested for tooth-curves, but aa they do 
not admit of tooth -contacts near the line 
of centers, where most desirable, they 
are not useful for general purposes. 
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I. El'lCT.CLOIUAL GEAEINC. 

This oaine is apijlied because the tooth- 
curves are epicycloids and hypocycloids. 
An epicycloid is traced by a point upou 
the plane of a circle, when that point is 
guided by being attached to the circum- 
ference of a second cirele which rolls 
upon the firat. If external it is an epi- 
cycloid, if internal an hypocycloid. 

A curious fact relating to these curves 
deserves notice, viz. : that eveiy epicy- 
cloid and bypocycloii-admits of being 
generated by two different rolling circles. 
To illustrate, suppose A i c to be a primi- 
tive or pitch circle, and B a rolling or 
describing circle, tracing with p the epi- 
cycloid D, by rolling on A, Draw the 
line p5c through the point of tangency 
b. Then bp will be a normal to the epi- 
cycloid at p, because an elementary part 
of the latter is described while b serves 
as an instantaneous axis for the wheel B 
to turn about. Now, this elementary 
portion of D will be the same if c be the 
center instead of b. This being true for 



Hosted by 



Google 



each elemeutary part of J), it follows 
that a circle C, tangent at c, and liaving 
a tracing point p, will trace the same 
epicycloid that B will. It can be easily 

Fig. 1. 




shown that the difference of the diame- 
terg of C and B is equal to the diameter 
of A* 
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Fig. 8 indicates how this double gen- 
eration applies to the hypocycloid, in 
which A is the pitch circle and B the 
Fig. 8. 




hypocycloid. The sum of the two di- 
ameters of the generating circles evi- 
dently equal the diameter of the pitch 
circle. 

That the teeth be mechanically possi- 
ble, it is necessary that the generating 
circles be as small, or smaller than the 
pitch circles within which they roll; oth- 
erwise the teeth would be much undercut. 

This range in the relation of sizes gives 
variety of form of teeth, the following 
of which are the most essential : 
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1st. Flanks radial. 

2d. Flanks parallel, for strtngth. 

3d. For minimum of friction. 

4th. For change-gears and sets. 

5th. Pin gearing. 

1st. EriCYCLOIDAL TEETH WITH HAD 



Suppose a generating circle to roll in- 
side a pitch circle, with the diameter of 
the former equal to the radius of the 
latter. By reference to Fig. 8 we see 
that the two generating circles would be 
equal, and the hypocycloid a straight 
line, a diameter of the pitch circle. 
This pi'inciple. is the foundation of the 
well-known White's parallel motion. 

Hence when the diameters of the gen- 
erating circles equal the radii of the 
pitch cii-cles in which they roll, the 
flanks will be radial, and very convenient 
to construct. In practice, therefore, we 
have simply to delineate the epicycloids, 
with circles half as large as the opposite 
pitch circles, and strike in the tangent 
radii for flanks. This form of gearing 
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is tliG nioal conyenient for practical exe- 
cution of any good form known, and for 
this reason is the foi'in usually adopted, 
when correct delineation is attempted. 
Indeed many designei-s have no idea of 
the existence of any other correct form, 
except, possibly, the involute. 

Fig. 9 represents the eimultaneona gen- 
eration of the faces and flanlts for botli 
wheels, the four circles being supposed 
Fig. 9. 
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to roll upon each other with only one 
point in common, each tracing point de- 
scribing two line a. 

In wheels of few teeth, the latter ap- 
pear somewhat undercut, and weakened, 
when the flanks are drawn wholly radial. 

Bat it is easily demonstrated that a 
fuce works upon only a small portion of 
the flank, which also is adjacent to the 
pitch line. Below this the teeth may be 
thickened by clearance curves, almost 
entirely removing this objection. An ad- 
vantE^e is gained by these teeth which 
probably more than compensates for the 
above objection. This consists in the 
great freedom from crowding of the 
wheels from each other, duo to the near 
approach of the line of action to the per- 
pendicular to the line of centers ; and 
this is evidently necessary for most 
favorably transmitting the rotative 
forces from one wheel to the other. For 
instance if the line of action he made 
parallel to the line of centers no rotative 
effect is secnred. 
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2d. ft.anks parallel. 
liy employing smaller generating cir- 
cles llian in the above the flanks may be 
rendered more nearly parallel as shown 
in Fig. 10 ; and the bases of the teeth 
Fio. 10. 




thickcnec! as , required for strength. 
Clearing curves may still be introdnced 
for further strengthening of the teeth. 



Hosted by 



Google 



31 

No rule of proportions is prescribed : in 
each case the diameters of the rolling 
circles must bo determined by the judg- 
ment of the designer. 

The flanks are only approximately 
parallel, because, in reality, they are the 
slightly curved hypocycloide. But for 
that small part against which the faces 
act, a straight line may be substituted 
■without sensible error. 

The I'olling circles being smaller than 
for the case of radial flanks, the epicy- 
cloids will be smaller for the same pitch 
lines, and hence the points of the teeth 
narrower. This results in a greater 
general inclination of the side of a tooth 
to a i-adins, causing greater inclination of 
the line of action from the pei-pendicular 
to the line of centers, inducing increased 
lateral crowding, and consequent fric- 
tion. In a long train of gearing it 
is therefore doubtful whether this form 
of tooth is any safer than the preceding, 
because with greater strength there is 
greater resistance. 
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3d. fob MINIMrU OP FKICTION. 

From the preceding examples, it ap- 
pears that the friction is reduced ty ap- 
proaching the line of action to the per- 
pendicular to the line of centers. The 
line of action in epicycloidal teeth being 
the chord to the generating circle which 
connects the describing point with the 
point of rolling, it appears that the most 
favorable condition is secured by making 
the generating circles large as possible. 

Again the generating circles, when 
situated as in Figs. 9, 10 and 11, form 
the path of the points of contact in their 
Journey from the point of beginning, to 
the point of quitting contact, one circle 
for one side and the other for the oppo- 
site side of the line of centers ; so that 
large circles, in both senses, appear most 
favorable. 

Fig. 11 presents these conditions, and 
indicates that tiie teeth are very much 
undercut; indeed, in extreme cases, en- 
tirely cut off by reason of the convex 
flanks, due to the excessively largo rolling 
circles. 
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It is evident tliat such teeth cannot be 
used where great strength is requii'ed, as 
in mill-work ; but where the reaistanee 
is slight, and smoothness of motion ami 
freedom of action are requisites, as in 
horology, this form may be used with 
great advantage. Fig, 12 is a careful 
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drawing gf sucli 
teeth mnuli undercut. 

4tii. chakge geaus, axd sets. 
The most common use of change geai-s 
occurs with the machinist's engine lathe 
for screw- cutting. In this, and most 
other cases requiring such wheels, the 
teeth are small ; and when only approsi- 
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mate, occasion no especial inconvenience. 
But sets sometimes occur in mill-geai'ing 
where correct fonns of teeth are neces- 
sary. 

For such eases it is only needful that 
one generating circle be employed for 
the whole set.* , This circle should not 
be moi-e than half as large as the small- 
est wheel of the set. The leeth of the 
latter will then have radial flanks, while 
those of all the others have concave 
flanks and thick bases. 

5rii. ris i;eaein(;. 
By increasing the generating circle. 
Fig, 11, the hypocyeloid decreases until, 
when the former coincides with the pitch 
circle, the latter becomes a point, the 
tracing point Itself. Then the theoreti- 
cal teeth are points for one wheel, and 
for the other epicycloids generated by 
the opposite pitch circle as shown in 
Fig, 13. In practice the points are en- 

• Thid eolutton was Rrat given by Prof .WUlts, see Pttnc. 
of Mech., ed ed., pp. ST, lis, and 136, the latter ae in con- 
nection with the WiHlB Odonlograph. 
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larged to pins of cylindrical form, and 
the teeth reduced to lines parallel to the 
epicycloids and distant from them a 
space equal to the radius of the pin. 
Such wheels are sometimes called pin 
gearing. 

These wheels should work smoothly, be- 
cause tlie line of action is suitably situ- 
ated for a minimum of friction, but they 
are not free from objection'for having 
the tooth contacts all on one side of the 
line of centers. These one-sided contacts 
serve best when the pin wheel is driven, 
and in this way this gearing is much 
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used in modem clock-work. The pinion, 
catted ivalloicer, ti'uiuUe or limtern u-heel, 
is usually made for clocks by inserting 
wires between two collars ; while the 
wlieels are cut from plates, m.iiiy of 
which are stacked and cut at once.* In 
this way should tlie wheel be quite thin, 
and wabble, the trundle may have sutfi- 
cient length of pins to aeconimodate. 
Such gearing is cheaper than thick cut 
gearings, and may explain its introduc- 
tion into the inexpensive, though very 
good, American clocks. 

But it is |}robable that the very best 
conditions for clock and watch gearing 
would be secured by a sort of <^os« be- 
tween Figs. 11 and 13, represented in 
Fig. 14. The generating circle should 
be so large that the hypocycloid, for 
both pitcli lines, spans a breadth just 
suflicient for the tooth thickness, and the 
whole hypocycloid taken as that part of 
a tooth, or pin, which lies within the 
pitch line. The balance of the tooth 
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i-liould tlien extend outward, to n jioiiit, 

Bimilarly as in Fig. 11. Tims coi[tact« 

Fn;. 14. 




"ill be secured on botli sides of tlie line 
of centers, as reqnii-cd, ivith the newest 
upproach of tfie line of action to the per- 
pendicular to the line of centers consist- 
fiit therewith. 

These wheola could be constructed by 
biseiting suitably formed pins by one 
end into disks, and projecting toward 
I'ach other fi-om the two wheels ; or, hv 
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siippoiliiig tlie teeth upon slenctei- necks, 
aa shown, which ia possible, because only 
small parts of the hypocydoiils are 
bronght into contact with the faces. 

It is plain that if the lino of. action 
could be straight, and perpendicular to 
the line of centers, the wheels could be 
approached or withdrawn without caus- 
ing gi'eat changes of conditions of action 
of the teeth. ITie form, Fig. 14, with 
teeth supported upon clearance curve- 
necks, would, therefore, be one of the 
best for this purpose, and nearly the 
same aa found on the rollers of clothes- 
wringing machines, ifec, as arrived at, 
probably, by the demands of practice. 

II. IXVOLUTE TEHTII. 

The involute curve is a special case of 
the epicycloid in which the generating 
circle is infinite. 

Let A and B represent two pitcli cir- 
cles in contact at C. Draw any inclined 
right line through C and two circles 
tangent to it with centei's A and I>. 
These are taken as the base circles for 
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involutes. The rutto of the radii of 
these circles iviU be equal to that of the 
pitch circles. Suppose the inclined line, 
C D, be produced, and wound upon the 
base circle A; and also separated near 
C, with a ti'acing point .ittaclied. As 
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the string is unwound, the tracing point 
will describe an involute which may be 

taken for the aide of a tooth of A as 
shown, A similar unwinding from B 
will describe the involute tooth-curve for 
it. It is plain that the contacts will all 
lie on the inclined line CD, because it 
will cut normally all the involutes de- 
scribed on the bases A and B. This is 
at once the line of action, and locus of 
the points of contact. 

In the present case the line of action 
is inclined more or less, at pleasure, but 
must always pass C. This change of 
inclination may follow from varying the 
diameters of either the pitch or base 
circles. The former con-espouds to 
changing the distance between the axes 
of the wheels, which these geai-s are well 
known to admit of, and work correctly. 
But when the distance is considerable, 
the teeth become monstrous thick at 
base, and objectionable ; and unsuited 
for such purposes as clothes- wringers. 
The contact for these teeth is only pos- 
sible between the points of tangency 
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of the line of action with the base- 
circles. Hence, by enlarging the base- 
circles, these limits are constricted, and, 
finally, vanishing when the line of action 
becomes peipeiidicnlar to the line of ceii' 
tere, giving no contact, 'I'he best condi- 
tion is a matter of judgment, and the de- 
signer must choose between objectiona- 
bly few contacts, and objectionable 
inclination of line of action and thick 
teeth. 

The contact being confined to the litie 
of action, limited as above, it is plain 
that no bearing can occur upon a tooth 
below or inside the base circle, and usu- 
ally clearance ciirvesare arbitrarily struck 
in to give the necessary depth for receiv- 
ing the points of the teeth of the other 
wheel. 

One fact is worthy of note, serving to 
put these wheels in comparison witli the 
epicycloidal. If a circle be struck with 
2\ C as diameter, it will always pass tlte 
point of tangency D. That point, in in- 
volute gearing, is the limit of contact of 
teeth ; but not in epicycloidal gearing 
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with radial flanks, though that will be 
one position. Intermediate between D 
and C the contact for involutes is on the 
line C D; and for epicycloids, on the arc 
CD. The line of action in the latter 
case will vary from a perpendicular to 
A B, to the inclination C D, while the 
point of contact moves from C to D. 
Hence, the average inclination of the line 
of action between C and D is much more 
favorable in epicycloidal gearing than 
involute, from which it appears that the 
former is the preferable form of gearing. 
Fig. 15 may appear to furnish an ex- 
ample which is inconsistent with our 
general theory, because the generation is 
efEected by rolling the describing curve 
or line on the base circle instead of the 
pitch line. But this is reconciled tiius : 
In Fig. 16 take a pitch circle AC, baso 
circle BD, describing line D F, with de- 
scribing point F, and a log. spiral FA. 
Now as the describing line unwinds, 
tracing the curve C F, the line will cut 
the pitch circle at various points A at a 
constant ang!e, which follows from the 
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concentricity of the pitch and base cir- 
cles. As the radius- vector makes a con- 
stant angle with the arc of a log. spiral 
if that angle at A, be the same as D F 
Avitb the circle at A, then the radius vec- 
tor'FAwill coincide with the HneDF 
continually, and the tracing point will 
describe one and the same cui-ve whether 
oanied by the spiral F A or line F D. 
This curve begins at C. To supply the 
remaining part B roll the same spiral 

Fic. 16. 




inside as shown. This description will 
stop at IJ for the reason that the log. 



Hosted by 



Google 



spiral tlu'ii bears on tlie inside of the cir- 
cle where its curvature equals that of the 
■circle. Hence this is explained by the 
general theory, and the wheel has true 
flanks and faces, separated by the pitch 
line, as usual. 

HI. RAxnoM rEim;. 

These might be styled raiuloni tveth 
because a tooth-curve for one wheel is 
drawn at random, or at least aibitraiy, 
and the form of tooth for the other 
wheel found from it. The solution on 
the drawing board is the same as Fig. 2, 
and hence, it is in keeping with the 
general theory of the teeth of wheels. It 
would need no further consideration ex- 
cept for the exceedingly advantageous 
practical process for obtaining the second 
curve, first made known by Prof. Willis 
in 1837. 

Let A and li represent the pitch lines, 
formed by cutting strips to the right 
curves. A tooth curve C is cut at 
pleasure, and mounted on A so that the 
card board D may play between A and 
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C. The card board D ia secured to 1^. 
The pitch lines are then placed in contact 
as shown by the dotted lines, and a lim.- 
traced on D, along the edge of C. Then 




A is rolled on B, without slipping, to n. 
new position, and a second line traced 
by the edge of C. Thus proceed for 
various positions. An enveloping curve- 
traced on D will be the required tool( ■ 
curve for B. 
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This process would apply adniiiably 
foi- matchiug a gear already existing, 

and no matter if it be worn pvovidtnl it 
is regular. 



In actually executiug wheel -work, 
iliere are cei'taiu operations which con- 
tribute to the accuracy and dispatcli. 
The draughtsmau can di-aw his traciiiy 
curve in several positions, and by slej'- 
ping with spacing dividers an-ive at 
several points iu the desired tooth-curves. 
But in thus measuring ofi distances on 
ares, eiTore occur in that the dividers 
measure chords instead of arcs. Also 
each placing of tlie divider points in- 
volves a small eiTor depending upon eye- 
sight, precision of draughtsman, &c., 
Again seveial operations, following and 
depending upon each other, between tlic 
theoiy and the result, entail cumulative 
eiTors, sometimes so great, that the re- 
sult obtained scarcely resembles the 
truth. The fewer the intervening opera - 
tione, the less will the truth be adulterat- 
i;d with en-or. 
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Templatea are valuable becausf tiiey 
secure a more direct relation between the 
theory and final tootli -curves. In some 
instances a still closer relation lias been 
obtained. To illustrate, the templates 
give the curve, and then the teeth or 
cuttere are to be formed from it by an 
eye-and-band process. But in some 
watch-works, epicycloidal machines ai-e 
used in which the cuttei's are formed di- 
rect from the rolling curves. These cut- 
ters however are masft?)- cutters from 
which the working euttere are formed. 
But this last operation admits of great 
precision. 

In Fig. 17, the pieces A and B are 
called pitch templates and a piece cut 
to the form of the describing curve as iu 
Fig. 3, is called a describing template. 

By a set of such templates the opera- 
tion I'epresented in Fig. 4 may be iiuder- 
takeu. Tooth-curves may thus be drawn 
on metal plates, and subsequently cut 
carefully to the line. Such a pattern 
may be used for tuiiiing up a cutter by, 
ttf for marking out the teeth on a gear 
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pattern of wood. In the latter cawe, it 
may be called a scribe templati.'. And 
it is convenient to mount this upon a rod 
attached to swing around a center pin to- 
the gear. Either of these operationn in- 
volves two eye-and-hand processes, as, for 
instance, dressing up the scribe template ; 
and then turning the cutter by it. IJnt 
it is not convenient to reduce the num- 
ber further, though, by aid oianodoi'fo- 
!/raph, described in Part II of this 
number, the inconvenience of resort- 
ing to pitch and describing tem- 
plates, is avoided fi-om the fact that the 
odontograph serves as a i-eady-made 
scribe template, as exact as a special 
scribe template laid out and drewsed up, 
as above described, would be, and which 
is also adapted to being mounted to 
swing around the center of the goai'. 
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PART II. 

NEW ODONTOGRAPH: 

The Teeth of Gear Wheels. 

THE WILLIS ODON^LOtiKAPH. 

Those who have used, or even studied 
the Odontogra^h of Professor Willis, of 
Cambridge, England, canDOt be other- 
wise than forcibly impressed with the 
admirable simplicity and great utility of 
the instrument. Indeed, it has attained 
to such general favor that it is tiot only 
in the hands of a large proportion of the 
constructors of mill gearing in Europe 
and America, but in every work of im- 
portance on Cinematics, Principles of 
Mechanism, Machinery and JVIillwork, 
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&c., published since its discovery in 
lf!:i8. In fact, the insti-ument is worthj- 
oi a ])lace in the tool chest of every 
millwright aiicl machinist ; particularly 
those who have no better understanding 
of the mode of delineating gear teeth, 
than to use, for generating the faces of 
teeth with radial flanks, describing cir- 
cles which are the opposite pitch circles 
themselves, instead of circles one-half as 

Altiiough tlie teeth of wheels, laid out 
by the aid of the odontogi-aph, are only 
appi-oximately correct, such teeth are 
not very far fi-om correct working forms. 
This fact was practically demonstrated 
to the writer at the justly-celebrated 
machine factory of Wm. Sellers & Co., 
of Philadelphia, where a pair of heavy 
otit gears were seen in action, running 
with extraordinary quietness. On inquiry 
;is to the remarkable working quality of 
these gears, it was stated that the cut- 
ters were made expressly for them in 
strict conformity with the WilUs odoiito- 
graph ; which, in the present instance, 
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it is fair to suppose, was an experiment 
to test the odontograph teeth, as com- 
pared with those laid down correctly by 
tlit'ory. Teeth fonned thus carefully, 
even though they be only approximate, 
ai-e much to be preferred to the rattling, 
guess shapes; and amply lepiy the 
trouble requii-ed to secure them It is 
theii;fore much better, in casea nheie 
the theory of gearing ia not understood, 
to resort to an odontograph, than to 
jump blindly at a rattle tra]> 

For example : a common form among 
millwrights is obtained by taking the 
middle point of a tooth at the pitch line 
for a centei', and describing, by arcs of 
circles,. the nearest flanks of the next ad- 
jacent teeth, and the further faces of the 
same two teeth. Describing, thus four 
arcs from the center of each tooth, all 
the faces and flanks are laid out. This 
gives flanks which are concave, with 
radii which ai-e less than those of the 
convex faces, while the opposite relation 
is known to be required in oori-ectly laid 
out teeth. This rule probably gives 
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shapes wliich are worse than mere gucj-s 
shapes. 

A GOOD ORONTOGEAPII DESIBADI.K. 

The delineation of correct working 
gear teeth according to theory for indi- 
vidual cases is a very easy matter when 
the method is uiidei-stood, but not s^o 
easy as to use a convenient odonlograph ; 
and hence, a good odontogi-aph is advan- 
tageous to all designers of gearing. 



An odontogi'apli, to give the higlie^^t 
aatisfaction, should be one which leaves 
nothing to be desired ; neither in tho de- 
gree of approximation, nor the genera! 
fonn of tooth it gives. 

Those who have employed the odonto- 
graph of Prof. Willis, cannot fail to 
have noticed that in wheels of many 
teelh the form is very different fi-oni 
that obtained by laying out the teeth of 
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the epicycloid al form with radial flanks,''' 
which foiin ia the most common and 
usually the most acceptable. Also tJie 
odontograph must be ^mple, and easy 
of application. 



A tooth of a wheel of eighty teeth, at^ 
laid down by aid of the Willis odouto- 
graph, is shown in Fig. I ; and also, a 
little to one side in dotted lines, tht- 
same tooth of epicycloidal form with 
radial flanks, as calculated to work witli 
a second wheel of twelve teeth. The 
clearance curves ai-e not put in. The 
odontogi-aph tooth exhibits very marked 
peculiarities, a noticeable one being the 
greater general inclination of the side 
of the odontograph tooth to the radius 
of the wheel ; giving rise to unnecessary 

' When theae teeth would appear loo neak »1 the raot 

oiiposlle wlieel will just clear, up to which Iho coots cit 
The teeth inay Iw thiclseneil for ihe purpose of grealtr 
strengtb. 
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obliquity of action, and consequent mu- 
tual crowding of the wheels against 
their shafts. 

rig. 1. 




Prof. Willis limits his odontograph to 
twelve teeth for the least number, and 
for this the teeth have i-adial flanks as 
shown in Fig. 2, which works with a 
wheel of eighty teeth. This limitation 
causes the teeth of small wheels to be 
narrow at the base, and of large wheels 
to be unnecessarily wide. In wheels 
having a not unusually large number of 
teeth, the flanks start out from the pitch 
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line towards the center witfi a diverge 
from each other approaching 3(1°.* 

Fig. 2. 




other words, the odoiitograph teefh aj)' 
proacli the iiarrowntsh of base of epicj - 
eloidal teeth with radial flanka when tlu 
latter are objectionably nairow, as in 
wheels of few teeth ; and much wider, 
indeed excessively wide, when, for the 
same wheels, epicycloidal teeth are of 
good form. Also a marked peculiarity, 

Fig. 1. A. Lamhert, CInematique, PI. 14. M. CH. Virj- 
Caats do M^chaniqne, p. \»i, Fig. M. 
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as exhibited in Fig. 2, is tlie ilccideil 
aDgnlar junctions of tli<i iianlis anii 
f.tces. 



These undesirable features :ire, liow- 
ever, in the main, no fault of the gener- 
al theoiy of Prof. Willis for the forma- 
tion of teeth with circular arcs, but ap- 
pear to be due to restrictions imposed, 
for the purpose of simplifying tlie tables 
for, and application of, the odontograph 
itself. The restrictions which contribute 
mostly to this are the fixed angle of 75", 
and the constant length, relatively to the 
pitch, of the perpendicular to the line of 
action. By restricting the theory in a 
different manner, a certain modification 
of the instniment and its application 
may be effected, which gives straight 
and more nearly radial flanks for nil 
wheels, and circle arc faces. This will 
be treated further on. 
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NEW FORM OF ODONTOGRAl'll. 

h'or those who will adopt nothing 
whioli is ao incomplete as a circle arc for 
.1 tooth face, but will lay down the cor- 
rect curves ; and for even the leas the- 
oretical who would prefer to accept a 
good practical short-cui to a correct re- 
sult than to go by guess ; I would offer 
the new odontograph, which is now to 
be described: an instrument which in uo 
circle arc, mode or form, resembles any 
thing above refeired to. 

This new foi'm of odontogi-aph is not 
only adapted to give radial flanks, but 
faces which agree with almost nndiscov- 
e rah le nearness with the epi cycle id al face. 
The face curve, as laid down by the in- 
strument, is exactly normal to a tangent 
to the pitch line drawn from the middle 
point of a tooth, and it intersects the ad- 
dendum circle precisely where the true 
epicycloidal curve proper to the tooth in 
question does. 

Now, as the pitch line and itis tangent, 
pass either way from the middle of the 
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tootli, they depart from eaoli otJier 
slightly in distance, and moi-e so indirec- 
tion, _V cii'cle arc, approximating to a 
tooth face, will generally have a radius 
considerably gi^ater than the half thick- 
ness of a tooth : hut for a circle arc to 
be normal to the above-named tangent 
and to the pitch circle at the side of a 
tooth, both at the same time, its I'adius 
must he much less than the half thick- 
ness of a tooth, as is evident on inspec- 
tion ; and lience, the circle arc cannot 
oscnlatc cloaely with the epicycloid, and 
at the same time be jioruial to tlie pitch 
circle, as J'^igs, I and '2 show. The most 
■closely oiwulatiug carve mast, therefore, 
be one which rapidly changes curvature; 
and such a curve will be very nearly 
normal to the above mentioned tangent 
to the ^itch circle. 

The odontograph should, therefore, 
give a curve which changes curvature 
rapidly. Now, as the epicycloidal cune 
is normal to the pitch line, and very 
nearly so to the tangent to the pitch 
circle drawn from the noddle of a tootli. 
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it is clear that if a curve of rapidly 
changing curvature be so placed as to 
be normal to the tangent, as above de- 
scribed, and at the same time intersect- 
ing the addendnm circle at the same 
point that the epicycloidal curve required 
for the tooth considered does, it will 
represent the epicycloidal tooth face 
with great precision. This truth is rend- 
ered apparent to the eye in Fig. 3, in 
which the full line is the odontograpb 
curve, and the dotted line the required 
epicycloid. The flauk is also drawn 
in to give an idea of the conformity of 
the whole tooth, as delineated by aid of 
the instrument, with the true epicycloidal 
tooth. These teeth belong to a wheel, 
the pair of which are of equal sine. The 
object of making the curve perpendicu- 
lar or normal to the tangent, as above 
described, instead of the pitch circle, is 
to render the odontograpb more conven- 
ient of application ; and it is found that 
the curve selected, in thf manner here- 
after explained, meets the radius for ex- 
tending the side of the tooth into the 
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flank with an error of taugeucy, which 
is too small to be readily detected. 

With these explanations, it becomeB 
evident that the leading propositions of 
the new odontograph are ; 

Ist. That it give a curve of rapidly 
changing curvature, having the closest 
possible osculation with the epicycloid, 
and at the same time be of general ap- 
plication. 

2d. That the curve for a tooth face, 
given by the instrument, be normal to a 
tangent line to the pitch circle at the 
middle of a tooth. 

-^d. That this curve intersect the ad- 
dendum circle precisely where the epi- 
cycloidal curve proper to the tooth in 
question does. 

POEM OF CURVE ADOPTED. 

The curve adopted as conforming most 
closely, in general, with limited initial 
portions of the epicycloid, is the loga- 
nthmic ^ral. 

This curve appears to possess the 
highest degi-ee of adaptation, because of 
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its uniform rate of change of curvature, 
and also because this rate can be assum- 
ed at pleasure.* Furthermore, the ana- 
lytical relation of this spiral to the prob- 
lem is simple. 

F N AP N F INSTRUMENT. 

I jla ng Is odontogi-aph, the 
le li g e deav was .o make its practi- 
al i| pi cat on the most convenient pos- 
ible w thout a fice from, aocnracy 
t fo of tooth b a ne 1 by it. 
n at lereale ma le-irn the leading 
f of the nst ment before pro- 

e 1 n^ o he deta I of its demonatra- 
t o s to n a d n o le of application 
w 11 hr 1 e e\j la el 

n e odontog apl i shown full size iii 
!■ 4 s ot table capacity for laying 
o all teetl belo e i hes pitch. Its 
cij ac tj 1 o ve e tended to any 

de ree 1 v e m) Iv ]. rol nging the curved 
edges It si o II be mi le of metal, be- 
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caime it is intended that the instruoietit, 
when desired, may be used directly foi- a 
scribe template, in which use it will be 
subject to wear from the passes of the 
scribe. It has several holes counterstmk 
OH both sides ae shown, so that it 
may be attached by wood screws, or by 
bolts expressly prepared, to any conven- 
ient wooden rod, in such a manner that 
when the rad swings around a center-])in 
to the wheel, all the faces of the teeth 
may be described directly from the in- 
strument itself. The desired result is 
thus obtained directly without interven- 
ing center points and dividei-s. 

In this manner the odontograph be- 
comes a general or ready made tem- 
plate, and equally valuable for guiding 
the draughtsman's right-line pen, or 
the pattern maker's steel scribe. 

To place the instrument in position 
for drawing a tooth face, a table is used 
which should accompany the instrument. 
From this table a value is taken which 
depends upon the diamet«rs of the pair 
of wheels, and the number of teeth in 
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the wheel for which the teeth are sought. 
This tabular value, when multiplied by 

the pitch, is to be found on the graduat- 
ed edge A D B, Fig. 4, of the odoiito- 
graph. This done, draw the tangent 
D E F to the pitch line at the middle 
point E of a tooth ; and lay off the half 
thickness ED of tooth on either the 
tangent line or pitch line. Then place 
the graduated edge of the odontograph 
lit D, and in such ])ositiott that the iinm- 
bei', and division of scale found as above, 
shall come precisely oh tho tangent line 
at D. Also get the curved edge, H F C, 
so that the curve will just lie tangent to 
the tangent line, as at F. Then all is 
ready for tracing the curve for the tooth 
face from the pitch line through D tow- 
ard B as far as needed. IJy turning the 
instrument, which is gi-ad«ated on botii 
sides, over, and doing likewise, .we get 
the opposite face of the same tooth. 
Then we have to simply draw the radial 
flanks when the tooth becomes fully de- 
lineated, with the exception of limiting 
the point and root. Clearance curves 
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may also be struck in, if desired, as in 
any other case. Of course, when the 
setting of the irstniment is once made, 
it may be raonnted upon a rod, as, and 
for the purpose described above, for 
drawing all the teeth. 

The curve which this instrument gives 
will closely represent initial portion of 
the hypocycloid, cycloid and involute, as 
well as the epicycloid, as far as i-eqiiired 
for a tooth face ; and hence the instru- 
ment is adapted for tracing teeth of these 
various forms including the rack and 
pinion, intei-nal gearing and involute- 
teeth. For the latter fonn of teeth the 
tables become very simple. 

CONniTIONS OF TOOTH CUETBS. 

Befoi-e proceeding to the demonstra- 
tions, it will be necessary to understand 
how the various curves, used for tooth 
outlines, are conditioned. 
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To generate the epicydoidal faces /m- 
teeth with radial flanks, the generating 
circles, which roll upon the pitch circles, 
should have diameters equal to the radii 
of the opposite pitch lines, as set forth 
in Part I of this manual. Hence, 
as the odontograph is proposed to give 
nearly the epicycloid face for radial 
flanks, the above epicycloid is the one it 
should approximate to. 

When one of the pitch circles is in- 
finitely enlarged, we have the case of the 
rack and pinion, the epicycloid of the 
former heing ihe cycloid generated by a 
circle half as large as the pinion; and its 
fianks are parallel to each other. Also 
the generating circle, whose diameter 
equals the radius of the rack, is infinite, 
and hence the generating circle for the 
pinion teeth is a straight line. This 
makes the faces of pinion teeth involutes, 
with the pitch circle the base of the in- 
volutes. 

Therefore, for the rack and pinion with 
radial flanks, the faces of the rack are 
cycloids, and of the pinion involutes. 
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For the case of invointe teeth for in- 
volute gearing in general, the base circles 
of the involutes are usually taken a little 
within the pitch circles ; the ratio of the 
base circles being equal to that of the 
pitch circles. The relation between li 
Ijase circle and the pitch circle contain- 
ing it is arbitiarj'j being generally as- 
sumed, ill each case, according to the 
judgment of the designer, and any rule 
given as regulating this simply expresses 
the judgment of its author. The table 
for involute teeth is therefore adapted to 
suit any assumption in this regard. In 
this case, however, it should be borne in 
mind that the tangent line, used in set- 
ting the odontograph, should be drawn 
to these base circles instead of tlie pitch 
circles, becanse the involutes are normal 
to the b^e circles. But the half pitch 
should still be laid off on the pitch lines. 

The case of internal gearing is pecu- 
liar, in that radial flanks for the larger 
wheel are impossible.* That flank which 
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approaches nearest to radial, is therefore 
adopted, and this can be readily shown 
to be the involute, with the pitch circle 
its base. Observing that the larger 
wheel has its tlaiiks outside, and faces in- 
side the pitch circle, we see that the 
flanks must be generated by rolling a 
curve on its exterior. Rolling a circle 
thns, we see that the epicycloid generat- 
ed rises more nearly in a radial direction, 
as the circle is increased in size; because 
the latter curve reaches the greater 
height. Carrying this to the limit, we 
have the infinite generating circle or 
straight line, and hence the involute 
curve, iiut suppose we adopt a roll- 
ing circle of negative curvature, as in 
Fig. 7, Part I. Now for this mode 
of generation, it is easily shown that 
the curve generated will be an epicy- 
cloid exactly similar and equal to that 
obtained by I'olling a circle of posi- 
tive curvature, outside the pitch circle 
as before, the diameter of which is 
equal to the difference of diameters of 
the generating circle of negative curva- 
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ture and the pitch circle.* lleiioe, in 
tither case, we get similai- results, and 

the steepest epicycloid is the abmo 
named limiting one, vix., the involute. 

The flanks of the larger wheel are 
therefore concave involutes. Using the 
same generatrix for the faces of the 
pinion, the latter will have involute 

The faces of the larger wheel will be 
hypocycloids, because internal, and gen- 
erated by a circle whose diameter equals 
the radius of the pinion. 

In bead wheels, the pitch cirolea should 
be I'egarded as small cu'cles of a spheref 
which has its center situated at the point 
of intersection of the axes, or shafts of 
the wheels. These pitch circles are not, 
in the case of bevel wheels, the proper 
circles to lay out the teeth upon, but 
should lie regarded as the bases of cones 
whose vertices are in the axes, outside 

* Boar, CoDiB de CEaematlque, p. iSO; Hote. Dubi- 
iiiel Elements de Calcule InanlteBlmal. 

t WUlis, p. 1« i HinkiiiK. p. IM ; Fairimiru, Mill and 
Millwork, part 8, p.38. A. Lsnitwrt, Cinematliiue, PI. l."p. 
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tlie sphere, and which, developed apou a 
plane surface, are the desired circular 
;irc8 0ii which as pitch circles to delineate 
the teeth. The describing of teeth on 
these ch-cles, being the same as on tlie 
pitch circles of spur wheels, the odonto- 
graph applies to them in the same man- 
ner, their radii number of teeth, Jcc, 
being employed in connection with the 
tables, instead of those of the real pitch 
circles. 

In all these cases the same rule will 
apply for use of odontograph, except iii 
involute gearing, with which we have an 
exception as above explained. 



In adopting the particular logai-itbmic 
spiral for the odontograph curve, inas- 
much as this curve may liave an infinite 
\aiiety of obliquities, it is evident that 
the selection is not a matter of indiffer- 
ence. When the obliquity, or angle be. 
tween tiie normal and radius-vector, is 
very small, the are of this spiral changes 
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curviitmii less rapidly than when the oli- 
liqnity is great : when the obliquity is 
zero, the spiral becomes a circle ; ami 
when it is 90°, the spii'al is simply a ra- 
dius ; neither of which approximates to 
the epicycloid. To tiud that obliquity 
which makes the spiral best fit the epi- 
cycloid, it will pivabably be most satis- 
factory to assTimo an epicycloid wliich 
represents an average of those likely to 
be used for both curves, and adapt the 
spiral to it; though any ordinary logarith- 
inic spiral will evidently eonfoi-m moi'e 
closely with it than the circle. 'The 
spiral which most closely oscolates the 
epicycloid for a pail' of equal pitch 
circles, is therefore adopted as the aver- 
age spfa-al, becanse the opposite wJieel 
may be made larger or smaller, thus 
making a higher or lower epicycloid. 
Also, it is preferable that the spiral lit 
for the fewest teeth, because for this the 
longest portion of the epicycloid would 
be required. The fewest number assum- 
ed is ten. 

Let A F, Fig. n, represent the pitdi 
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line, AB the epicycloid above named, 
dotted beyond B, and the full line CAB, 




the osculating logarithmic spiral with its 
pole at C. Draw normals G E and BD. 
These normals will be common to both 
the epicycloid and spiral, if they closely 
osculate each other at A and B. Also 
E D -will be the evolute of both. The 
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point B is supposed to be 0,3 pitch* 
above the pitch line, as tlie ordinary 
height of tooth above pitch line. Or 
what is nearly the same, AB = 0,3 P. 
Also AG is assumed:^ 0.25 A E. Draw 
the noi-nials or radii of curvature G E and 
B D, For the particular case undercon- 
siileration we find for the epicycloid, DE— 
2 GB, This fact is most conveniently prov- 
ed graphically on account of the compli- 
tjationof the analysis. This solution was 
made with great care on a drawing, and 
it was also checked by an approximate 
analytical method. The results very 
nearly agreed, though as that by analysis 
was necessarily approximate, the graphi- 
cal result was adopted. It happens to 
be also a very convenient value. The 
graphical operation was, in fact, partly 
by analysis thus: The nonnal to the 
epicycloid always coincides with the 
chord of the generating circle connect- 



jns to be e^veo to the teeth, the TOmmon and well- 
luwn rule le adopted, vta. ; Thickiies* of tootb, A P. 
lickneBfl of apac«, -li P. Height above pitch linOf 'nr 
Depth helow, A P- See Willie, p. IIB, Ac. 
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iiig the point of contitigence of this aod 
the pitch circle with the tracing point. 
This determines the direction of G E 
01' BD, where B F, for instance, is a 
chord. The true radius of carvatureBD, 
for an epicycloid, is f B F* in the jiresent 
case for radial flanks where the pitch 
circles are equal, or generating circle 
half as large as the directing pitch circle. 
This value of B D or G E, in tei-ms of the 
chord, is from the well-known formula for 
the radius of curvature for epicycloids 
in general,! ^^^ hence the length is com- 
puted. 

Now the logarithmic 8[>iral sought 
must have 

ED 

.3-7j=2 = tangei)t of oljlic[uity. 

The evolate of the logarithmic spiral, 
being an equal spiral,^ makes CED a 
spiral like O A B. Also it is well known 
that the radii C B and C D have B C D a 
right aiigleg when these radii vectores 



L'iui^mstlqtie, p. lOS, i 
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are di-awii to the extremities of a radius 
of curvature BD, and similarly for ECG. 
Tliis, with the second property of con- 
stant obliquity of the logarithmic spiral, 
makes the two triangles BCD and G C E 
similai'. From this it follows that the 
triangles CB6 and CDE are similar, 
and hence 

C 1! : B G : : C D : D E, 

PE 
BG^ 
The equation of the logarithmic spiral In 

log. l=a f> 

in which «= tangent of obliquity, or «— 2; 

and therefore the logarithmic spiral 

sought has the equation 

log. 1='1H 



k ' 

Values of the radius vector, I, have 

been carefully computed for the purpose 

of laying out the odontograpb curve 
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with acciiraijy. These were oornputed 
for the intervening angles of 22^ degrees, 
which divides the circumference into 
sixteen equal parts ; and for some of 
the larger values the radii subdividing 
these angles as follows : 

For ^,-^^=z:22j° J = 2.lfi3:5 



i= y, 


/^ = O.oOUU 


=e,+ 22J 


I, = I.098U 


= f^,+ 45' 


;, = 2.4052 


=0,+ 67*" 


/, = o.2Vd:i 


=e^+ 90" 


/, =ii.or(j(' 


=8,+10li° 


hk = l1.lS50 


=0. + 112V 


/„ =25.8'?00 


= e, + 123r 


;ai=.17.o820 


=e, + i:i5' 


I =55.6660 


these values, 


the odontogr 



With 

as shown in Fig. 4, was laid out, not only 
the curve A I> B, but C F IT; these being 
ainiilaj- and equal as above explained. 
From the fact that tangent obliquity = 2, 
we may, when a radius I is laid off for a 
point on ADB, draw a line at right 
angles, and lay ofE on it 2/, which will 
give a point on CFH, 
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In the anaJytical demonstration of the 
applicability of this curve, an equation 
will be needed for it, which can be com- 
bined with those for the curves which 
are pi-opoeed for the outlines of teeth. 
For reasons which will appear hereafter, 
an equation is required which gives the 
relation between the abscissas « e and 
the ordinates e h, Fig. S. I^t « c be the 
radius of curvatui'e of the spiral at a. 
Let fall upon this a perpendicular li e. 
Also prolong a c to d. Some point d 
can always be found with which, as a 
center, a circle may be struck through a 
and b. Now let us propose that c<l = 
yX« 5 as a relation sufficiently exact for 
any possible height of tooth, ■; h, above 
pitch line. 

Then we will have from the pro])erty 
of the circle, 

or calling af,=y and eb=x, ac=r, 
we have 

y [2 (r + ./.■)-!,]=:■■' 
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=? "■^*-!„l. 



5-2J . . (1) 




If, ill this equation, q proves to bo 
coustaiil, we have the equation desired. 
To this end the following results have 
been very carefully determined graphi- 
cally, this method being the only one 
admissible for complexitj' of formulas; 
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For 7-=2.0 inch ;b=:1.1 iiicli $=^.59f> 
r=2.0inch a;=: 2,0 inch ^^.5BR 
T= 4,4 inch a;=1.0inch q—.5&l 
T=4.4 inch x=2.5 inch q=.5b1 
r=4.4 inch a;=4.6 inch (^=,562 
T=9.0 inch x=Q.5 inch §=.595 
7-=9,0 inch cc— 9.0 inch j— .599 
T=S.5 inch «=2.2 inch 5=. 555 
r=9.5 inch 3;=5.5 inch q~.(yOt> 

Mean , . *y=.579 
These figures show that g is vei'j 
nearly constant ; in fact, the diilerences 
can only be accounted for as en'ore of 
the gi-aphical operation ; errors which 
might be expected for the reason that 
the point d, Fig. 6, may varj' its position 
considei-ably, and yet cause bnt slight 
variations at b. We may therefore adopt 
this, not only as constant, bnt as the cor- 
rect value of 5 for the particular spiral 
chosen, and this value was employed in 
the formulas when computing the tables 
for the odontograph. Equation (I) is 
entirely empirical, and will not apply to 
the spiral for a very great range ; though 
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to an extent greater than ever needed 
for the present purpose, it is practically 
exact. It is necessary to resort to the 
empirical method, because the equation 
of this spiral cannot be expressed in rec- 
tangular co-ordinates. 



To show that the odontograph, as 
above proposed, is applicable to the case 
of ordinary epicycloidal gearing- teeth 
with radial flanks, it will be necessary to 
prove that the value of t to be found on 
the scale by which the instrument is set, 
can be computed when certain function.'il 
parts of the gears in question are known ; 
and also, to show that it can be expressed 
in so few terms, that values of it may be 
computed beforehand, and arranged in 
tabular form, it will be necessary to 
resort to mathematical expressions for 
T, by which it can be discussed, and by 
which we may determine the number of 
quantities required to express it. For 
instance, if it can be expressed in terms 
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of two different quantities only, one 
table will suffice for all values of r. But 
if it requires three quantities for its ex- 
pression, a series of tables will be neces- 
sary. 

By aid of tbe equations of the epicy- 
cloid the above co-ordinates x and y may 
be expressed in quantities belonging to 
the wheels. 

Let Il=^the radius of the pitch circle 
of the wheel for which the teeth 
are sought, whether it be the 
larger or smallei". 
Let N— the number of its teeth. 
'Let r^the radius of the wheel which 
is to work with the wheel sought, 
and equal to the diameter of the 
rolling circle for generating the 
faces sought. 
Tjct 7t=the number of its teeth. 



r*t P=the pitch of the t 



N 



Let r— the radius of curvature of the 
curve of odontograph, as above, 
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the numerical value of which is 
also the nuniliei- to he used for 
setting the instrument, also ihe 
tabular uurabei's. 

Let X and y::^ co-ordinates as in equa- 
tion (l) of odontograph curve 
above, x=O.H P. 

Jx't ^^an angle, which may be con- 
sidered as an auxiliary quantity, 
simply ; or as the angle wbioh lo- 
cates the center of tfie rolling 
circle. 

Then the well-known* polar equation 
of the epicycloiil is — 

(rad.veotor)-=(K + «)'=li' + ;' j K + ^ [ 



' See Price's Calciiln 
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This valni! of ft Is in tfiins of chi.' two 

P M 

([Uiintities = and =;= only, as desired. 

The polar equation is here trnployed 
instead of that refen-ed to rectangular 
co-ordinates, because the foi-mer is resol- 
vable with respect to 0, and tlie latter 
not. The latter, however, would have 
been preferable to tbe extent of about 
the diiferenee between the height nf b. 
Fig. 6, above the tangent and above tbe 
pitch line, because b e, which is ubfiut 
midway between u, and the middle of 
the tootb, is aimost exactly equal to .i" as 
given by the i-eclanguiar equation. ]>ut 
tliis difference is very small in wheels of 
the fewest teetli, say « or 10, and iuaii- 
preciable in larger wheels. 

An expression for y is moat readily 
obtained by employing the well-known * 
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equation of y in terms of B for rectan- 
gular co-ordinatee to the epicycloid. 

In Fig. 7, let A B represent the face 
of the tooth for the wheel whose center 




is O. Take C D the height of the tooth 
above the pitch line reckoned on the cen- 
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ter line of tooth, and = B F = 0.3 P, 
nearly = x. Let C G represent the tan- 
gent to the pitch line at the center point 
C of tooth, as above described. 

Now, since the co-ordinates x and y in 
equation (l) of the odontograph curve 
represent the height of B above the tan- 
gent C G, and the distance from the face 
along the tangent C G to the perpendicu- 
lar let fall from B upon C G respectively, 
or eqaal to B F and A a respectively, 
very nearly, we have to find, by help of 
the equation of the epicycloid, between 
y and d, the value of A a. But this 
equation gives E B, or A b. Drawing 
B b parallel to A E, and B a parallel to 
T> C, we have 

a/> : FB:: AC : CO 



since the thickness of tooth- 
Hence 

, 5 a;P 5 O.i) P' 
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and hence, by aid of t!ie eqnnlioii of tlie 

epicycloid, 

A a=;/=E B-« J= (r +'j-) sin. 8 - ^ 

(?^ + l)6l [-^0.06819 (3) 

Thb equation, together with (2), enables 

V P J( 

ue to compute ^ when =; and =^oiily,are 

known, '^ being eliminated between (2) 
and (3). 

Observing that i-'—Q.'-i V, equation (1) 
may be written 

So that =; becomes fully known when 

the two quantities r; and =^belongmgto 

the pair of wheels under consideration 

p 

become known. Or, obscn'iug that ^^ 

=z ^rr, the most convenient formw of the 

equations for computation are 



Hosted by 



Google 



(■+T)- 



'■" ' M-A) 


■ 1,"; 


^-0.07958 'S^\ C^ + I^siiLfJ- 


-sin. 


(^J^' + l)^ j--^yi\ 


(») 


F=»-(T-.A. "■•-)■ 


(I) 



These formulas enable ns to compute 
; when -and N are known. Table I con- 



tncl obtained from these formulas. 



by P gives r the index number for setting 
the odontogi-ai*]). Examples will be 
^ven hereafter, illustrating the nse of 
the instrument and table in delineating 
gear teeth. 
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For this case formula (6) becomefi in- 
determinate, and hence fails. It will, 
therefore, be necessary to deduce others. 

The cycloid for the tooth faces on the 
rack, flanks radial, will have the follow- 
ing values of x and y * : 



-I(— ) 



^f.(— ) 



(») 



By expanding cob. into a series and 
dropping all after 6", by which we in- 
volve an error of only sV part for the 
case of fi teeth, and much less for a 
greater number ; and similarly expand- 
ing ain. B into a series, omitting the 

" Price'a Calcoliip, vol. 1, p. 880. 
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terms following B' with an oppo- 
site error of j^ for 8 teeth, giving a 
residual error of about —, we may write, 

!/ 1 ,/2.4 TT , , 

P=IBr--- ■ ■ (10) 

This, (lombined with (7), was used for 
computing the tabular values for racks 
given at the bottom of table T. 

For the involute faces of the pinion 
we readily obtain special formulas. 

Let A H, Fig. 8, h 




pitch line, AB as a tooth face of the invo- 
lute form, and B F height of tooth above 
the pitch line and equal to 0.3 ¥ = x. 
We will have a h same as before. 
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as ill Fig. 8. 

EB={R+BF) arc BOE nearly 

= CR-f-0.;iP)((9-BOH) 

H B=A F H=U (4=K tang. B O H 

Hence 

j/=KB~«r6=(R + 0.3P) (W-tang. H) 
— lib 

|=(iL.„,,)(«_,.,„.-'o) 



an<i 



whicli equations, combined with (T), 
were used in bringing out tlie tabular 
quantities marked "Pinion" near the 
bottom of table I. 
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It is obseiTed that we have one line of 
valnes only for each, the rack and pinion, 
the reason for this 18 that the value of 

„ for the rack and pinion become known 

in terms of ono arbitrary quantity instead 



iTliATION KOK ' 



Having a set of values of p for invo- 
lute faces, we are at once prepared to lay 
out any involute gear-teeth with the 
odontograph, from the fact that in this 
fonn of teeth each wheel is independent 
of all others. In this case, however, we 
must observe that the tangent line E D, 
Fig. 4, should be drawn to the base cir- 
cle instead of from the pitch circle, as 
stated above under conditionx for invo- 
lute teeth. The half thickness of tooth 
should still be laid o& on the pitch line, 
because this is the ])roper line to reckon 
tooth thicknesses on. The tabular val- 
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uee of Table H are therefore the eame 
aa those for Pinion, Table T. 

DEM0N8TKAT10N FOR WHEELS IN INTEE- 

First consider the larger wheel, in 
which the faces are iiiteraal and hence 
hypocycloids. Equations (2) and (3) 
apply to this case by changing the signs 
of r and x, and hence 



cos. — y=i J — — J- 

R('-f«) 

sv ^ rs) 

and 

a R »l /2N ,\ . „ . 
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which, eoinbined with (7), were used in 
producing the first part of table III. The 
flanks of the pinioD are supposed to be 
radial, and those of the wheel invo- 
lutes as set forth under conditions for 
these wheels. The external involute 
flanks of the wheel are laid out by aid of 
the values given in table I for "pinion" 
the tangent line ED, Fig. 4, being drawn 
to the pitch line from the middle of a 
space, to suit the pi-esent reversed condi- 
tions from outside to inside. 

The faces of the pinion, being also 
involutes, the same set of tabular values 
last-named apply, which for conveni- 
ence's sake are arranged in the latter 
part of Table IH. 



Observing the explanations, page 
76, regarding bevel wheels, either 
epicycloidal or involute teeth may be 
laid out for these wheels. 
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EXAMPLES. 

To show the application of the ta- 
bles, the following examples are given : 
Tjet the pair of wheels be the same for 
each example, the teeth simply being 
different ; let the number of teeth in the 
smaller wheel be 16 and in the larger 56. 
Also take the same pitch for ail, and 
equal to two inches. 

1st. For epicycloidal teeth with radial 
flanks. For this we must aee table T, 
which requires the ratio of the radii of 
the wheels ; or, what is the same thing, 
the ratio of the number of teeth in the 
wheels. 

For the larger wheel therequired ratio in 

-=.1iaQd N=56. 

Kanning down the column headed — 

we find 34 comes midway between S and 
4 ; and opposite them, under "56," cor- 
responding to N, the numbers .473 and 
.409. Taking the mean for the interpo- 
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lated value, we have .441 as the multi- 
plier for the pitch. Hence 

.441X2 inches pitch=.882 inches, 

which 18 the index number, or the num- 
ber to look out on the scale A D B, Fig. 
4, which point must be brought to coin- 
cide with the tuig( nt D E. Then, plac- 
ing thec«i\e CF tangent to the tangent 
line as shown in the figure, the tooth 
face curve may be drawn. 

For the sm.aller wheel wo have 



R 


.286 + ,and« = 16. 


Kunning do 


■wn the column headc.il 


i"w.«„<l. 


LO ratio = .286, but .Soil 



and ,333. Interpolating by the well- 
known method of proportional parts, we 
fin<i, in column headed " 16," for the 
multiplier the number .433, Hence 

.4:53X2 — .866 inches. 

which is the setting or index number re- 
quired for the small wheel. 
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2d. For the rack, suppose the large 
wheel is made infioite and the pitch 
line straight. Then the pinion will have 
16 teeth, and the multiplier is .51'!. 
Hence 

.513X2=1.023 inches, 
which isthe index Dwmber for setting the 
odontograph to the straight line of the 



For the 


opinion, we find the m 


tiltiplier 


to be Ail 


1. Hence 
.443xa=.8Se inches, 




which is 


the reqnii'ed number 


for the 


pinion. 






:id. Fo 


r the case of Mvoh/te teeth, the 


multipliei 


■ for the larger wheel 


is .84^^ 


table II, and for the smaller it is 


.443, by 


aid of which the odontograph 


is set a 


tangent to the base circle as above ex- 


plained. 






4th. For the case of interna! 


gearing 


we have. 


for obtaining the external in- 


volute fla 


nks. 
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Not finding 5B in the line of numbers 
of teeth,- table III, we interpolate be- 
tween 40 and 60 for the ratio 3. This 
gives for N = 56 the maltiplier .649. 
Similarly for ratio 4, we find multiplier 
.490. Taking the mean of these for the 
ratio 3^, and we get .56!) as the desired 
multiplier. Henee 

.569X2 inches pitch=I.Ki« iii<;hes. 
for the index number. 

For the faces of the wheel we find, 
from the lower line of table III, .641 as 
the required multiplier, and 1.682 as the 
index number. 

To set the odontograph. Observing 
the foot-note of table III, the tangent 
line E T), Fig. 4, to which the instru- 
ment is set, is drawn from the mid- 
dle of the space, as though the space in 
this case, ontside the pitch line, were a 
tooth. 

For the faces of the pinion teeth the 
multiplier is .443, as in lower line of talijf 
III, itc, &c. 
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I'ASB OF CHANT.K WHEELS, AXI> " SETK " 
OF EI'IITCLOIDAL GEARING. 

The demonstrations for, and the a(t- 
lilications of, the newodontographhave, 
thus far, proueeded upon the supposition 
tliiit the flauks of the teeth laid out are 
radial. Though this form is the most 
convenient to delineate, and possesses 
greatest freedom in action as shown in 
Part T, yet somu maypreferto construct 
wheels so that all, having a given pitch, 
may be used in any interchangeable 
rarinner; or, it may be desired in a pair 
of gears that the teeth have thick bases, 
suoh as obtained by using small gener- 
ating cu-cles, describing curved hypocy- 
cloidal flan If 8, 

The preceding demonstrations and ta- 
bles cover this case. Theequations may 

have — replaced by — , in which r has 

been regarded as the radius of the wheel 
gearing with the one sought, and equal 
to the diameter of the generating circle. 
But we readily see that it is only neces- 
sary to eonsidei' r as the diameter of the 
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generating circle in all eases, due regard 
Ijeing given only to using the same value 
of r in laying out the other wheel, out- 
sidt' of one and inside the other, and con- 
versely ; or, for a given " set," the same 
throughout, as pointed out in Part I. 

The new odontograph is therefore of 
universal application in epicycloidal 
geaiing, giving any such flare, and 
thickness of tooth base, as may be de- 
manded by the most fastidious draughts- 

For describing the faces of the teeth 
DOW considered Table I is sufficient, the 
diameter of the generating circle always 
forming the denominatoi" of the fraction 

-. For the Hants, the first part of Table 
III would apply, though with less ap- 
proximative results than those obtained 
by aid of the latter part of Table IV, 
prepared expressly for this. 

The odontograph is found to osculate 
best with the hypocycloid when it is lo- 
cated by aid of a tangent line E D, Fig. 
4, drawn from A, instead of E ; or, from 
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tht' sides instead of middle of tooth; and 
hence, to lay out flanks other than radial, 
draw tangents to the pitch line at each 
side of the tooth, and on them, locate 
the instrument by aid of second part of 
Table IV, as on any other tangent, ob- 
serving that the back edge of the odon- 
tograph should now be turned toward 
the center of the wheel, instead of from 
it, as in drawing faces. 

This portion of this table was com- 
puted by aid of equations (13), (14) and 
(7), after suppressing the last term of 
(14); which term, it is seen, is a b. Fig. 
7, now made zero by reducing A C, B'ig. 
7, to zero, as above explained. 

From the fact that the curve D B, 
and C F H, Fig. 4, are one and the 
same, except as to length, the instrument 
may, if preferred, be located by a radius 
instead of a tangent line. Suppose, for 
instance, I> F, be a radius, drawn at 
one side of a tooth, with the pitch line 
intersecting it at F. By laying off F 
D, outward from the circle, and equal, 
in inches, to the proper index number, 
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then F H, whpn the instrument is pro- 
perly located is the required flank. 

For this mode of locating the instru- 
ment the index numher obtained from 
the table should be divided by two, be- 
eause alwavs 2 C D=C F, 



Take number of teeth 16 and 58, and 
pitch 2 inches, as in previous examples, 
and a four-inch generating circle. The 
pitch circle radii are 5,1 and 17.8 inches, 
and hence, for wheel, " radius of wheel 
sought divided by diameter of describing 
circle" = 4.45. For this, and tor N = 
36, Table IV, referring to Table 1, gives 
.:i9, which, multiplied by pitch, gives 
.78, the index number for wheel faces. 

Interpolating in Table IV the num- 
bers 4.45 and 56 give .52, and multiplied 
by pitch 1.04, for the index number for 
the wheel flanks. Similarly, for thp pin- 
ion, we get the index numbers .628 and 
2.90. 
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The odoiitograpli now under consider- 
ation is termed a modified form of the 
Willis odontograph, not because it bears 
any resemblance to the Willis odonto- 
graph, but because it is based upon the 
theory of Prof. Willis for the forming 
of teeth of wheels by circle arcs, and 
also because it gives centers to tooth arcs 
as does the Willis odontograph, instead 
of forming in itself a template for the 

By constructing the instrument so 
that it can be set to various angles, in- 
stead of being fixed at 75° ; and by pre- 
paring suitable tables to accompany it, 
we may be able with it to lay out teeth 
with straight flanks for all wheels, the 
faces of the teeth being circular arcs 
whose centers are given by the instru- 

The analysis by which these facts are 
demonstrated is essentially that of Prof. 
Willis, and given in his Principles of 
Mechdtiism, 2d ed., pp. 132, 136. 
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According to the Willis theory for 
forming each tooth with four circular 
arcs, whose centers are on the line of 
action, if certain centers be removed to 
an infinite distance, the arcs strnck from 
such centers will be straight lines, per- 
pendicular to the line of action. This is 
supposed to be done in the present case 
for the flank arcs, and when the line of 
action is suitably inclined, these pei-pen- 
diculars become radii on the pinion and 
inclined lines on the wheel. 

With these conditions imposed at the 
outset, the analysis becomes extremely 
simple, as follows : In Fig. 9 let A and 
B represent the pitch circles, C the pitch 
point, and E F the line of action. Draw 
A E and B F perpendicular to E F as 
shown. Let CX - angle C A E = C B F, 
A C = R, B C = )■, and C G = D. Now 
Prof, Willis' diagram, p. 135, becomes 
l''ig. 9 when A k and B K are made par- 
allel to line of action as in Fig. 9. I 
will simply explain Fig. 9, referring 
those who wish to study the diagram 
further to Prof. Willis' book, ft is a 
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ceuter for describing a tooth face of A, 
and IT a center for a face of a tooth of 




15. The center for the flank against 
which the face, struck from G, works, 
being on B K at an infinite distance, the 
flank is perpendicular to E F. The 
point serving as the origin for this face 
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and flank may be assumed at any posi- 
tion * on the line E F, but should gener- 
ally be not far from F, and for radial 
flanks for B, must be at F. Similarly 
for E if the flanks for E are to be radial. 
To render the odontograph convenient 
in practical use, and to keep the radii 
of the tooth faces within reasonable 
limits for all cases, such as when the pair 
of wheels are of equal size and also of 
very different sizes, it is found advisable 
to make the flanks of the smaller of the 
pair of wheels or pinion radial in all 
cases ; and for the largei- wheel, of such 
inclination that the same radius for the 
tooth faces of the wheel will be right for 
the pinion. To this end C F is taken, 
arbitrarily equal to one-third of the 
pitch, so that the I'adius of the faces for 
both wheels is G-F = GC-j-J pitch. 
The point G is given by the odontograph 
and it is easy to lay off a third of the 
pitch C F. Then we will have, C F H 
being always preserved a right angle, 

' This fact IB pointed ont by Prof. Willis. 
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CF^-^rsin-cC 



•■•™-°==-^.=H 




where »=jiumber of teeth in 


pini. 


Again 




CF;CH::R + *-:R 




CH=D=CFg|,.=g|-„ 


P 

■3 


But 




CF: CE::)':K 




and 




CG:CE:>:R + . 





CG=CH. 

This shows that it is only 11 
set the odontograph once to obtain either 
C G or C H. Taking the distance from 
C to the origin of tooth arcs the same 
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for both wheels gives eqiiai radii for the 
faces of both wheels, and the arcs and 
flanks are easily struck in as shown in 
Fig. 9. To draw all other iti-cs the cen- 
ters may he found, which lie in circles 
concentric with the pitch lines. The 
drawing of the non-radial flanks of A 
will require a little attention that they be 
drawn at the proper angle with the ra- 
dius, or rather simply perpendicular to 
E P at the proper point. 

The quantities cC and ^ are given in 
R " 

terms of n and — , respectively, in the 

following table for a number of values, 
which will aid in the practical use of the 
instrument, the necessary setting valaea 
being thus obtained beforehand. When 
the data fall between values in the table, 
interpolations will be necessary, thongli 
readily made. 

THE INSTEOSIESiT, AND MODE OP USING IT. 

The modified odontograph is shown 
full size in Fig, 10, with its scales, &c.. 
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ready for use, in delineating teeth of s 
inches pitch. 



Values of the setting angle cCi "^ of p for ■posi- 
tion of arc center, for tooth face for radial 
fliiuks for pinion and for inclined flanks for the 
wheel. 
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S. B. — ^The two paits of tliis table are 
entirely independent of each other, the 
first ^ving the setting angle cX, without 
regard to where the line is in second part 

of table giving =. 

In using the instrument the point C 
is to be brought to tho pitch point C, 
Fig. 8. Then the angle cC obtained 
from the table is to be looked out on 
the sectoral scale A B, and that point 
placed upon the radius A C, Fig. 9. Tlie 
instrument is then in position. A line 
should then be drawn along EC and 
produced in the direction of F, perpen- 
dicular to which the flanks are to be 
drawn. Tiien the distance D, obtained 

by multiplying = of the last table by P, 

is to be set off on the scale C E, Fig. 10, 
which point is the center G, Fig. G, from 
which to strike the tooth face. Then 
C F, equal J P as explained above, is set 
off on line E F as the ori^n of a tooth 
face and flank as shown in Fig. 9. We 
thwi have the length G F for the radius 
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Tig. 10. 




Modified Waiia Odontograph. 
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of a face of A, which is also the radius 
for a face of B to be used at the centers H 
and G respectively. The flanks are per 
pendicular to E F and tangent to the 
tooth arcs as shown, and each face works 
■with its tangent flank, as shown in Fig. 9, 
By repeating these faces and flanks tlie 
teeth become fully drawn, as in Fig. 13. 
The flanks of the smaller wheel are always 
radial, but those of the larger wheel never, 
except in ease both wheels become equal, 
when the flanks of both are radial. 

It will hardly be necessary to follow 
this description with a 



ODONTO GRAPH TBETH 

Fig. 11 is an accurate drawing of a 
part of the teeth of a pair of wheels as 
laid out by the well known Willin 
Odontograph. 

Fig. 1 2 is likewise a carefully executed 
drawing of a portion of the same pair of 
gears as laid out by the New Odonto- 
graph. 

Fig. 13 shows the form of teeth of the 
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same pair of wheels as laid out by the 
Modified WiMis Instrument. 

The amaller of the wheels has twelve 
teeth, and the larger has 144 teeth. 

These drawings will enable the reader 
to form a very correct opinion as to the 
relative merits of the results of the three 
instrtiments. This is not difficult to such 
as are familiar with the proper form of 
gear teeth. While this may be true, 
still it remains doubtful which to adopt 
for practical use. Such doubts however 
may be removed on taking a direct com- 
parative view of the respective difficul- 
ties, and conveniences of application of 
the three instruments, which, for the 
purpose of f ui-thering this object is given 
below. 



CllAPHS UOMPAEED. 

The well known WiUis Odontography 
in laying out one side of a tooth requires : 
1st, that the pitch be laid off on the 
pitch line ; 2d, that this pitch be bisect- 
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ed to obtaiu the origin of arcs ; Sd, that 
a radius be drawn at one end of the pitch 
and the instrument placed on it ; 4th, 
a quantity taken from a table by which 
the center point is found on the odonto- 
graph scale and point noted on drawing ; 
5th, that a radius be drawn at the other 
end of the pitch, and the instru- 
ment placed on it ; 6th, a second 
qiiantity taken from the table by which 
a second center point is found and noted 
on drawing for a second arc center ; 7th, 
that a pair of dividers be placed at one 
center, the face or flank struck : 8th, 
that similarly a flank or face be struck 
from the second center ; 9th, and finally 
that caution be exercised to point off 
the right center at the two settings of 
instrument, and also that the proper 
part, flank or face, be drawn from the 
centers. 

The iVew Odontograph in laying out 
the side of a tooth requires : lat, that a 
tangent line be drawn to the pitch circle; 
2d, that the half thickness of tooth be 
laid ofE from the point of tangency ; 3d, 
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a quantity looted out from a table ; 4tli, 
that this be multiplied by the pitch by 
■which the instrument is properly sot on the 
tangent line; 5th, that a scribe be drawn 
along edge of instrument fortheyJicey 
6th, and lastly, that a radial flank be 
drawn from the intersection of face with 
the pitch lino. 

The Modified Willis Odontograph re- 
quires : 1st, that a radius be drawn ; 2d, 
that a setting angle be found from a 
table by which the instrnment is set ; 
3d, that a second quantity be taken from 
a table ; 4th, that this quantity be multi- 
plied by the pitch, by which the center 
point for the face is found and noted ; 
5th, that a line be drawn along the edge 
of the odontograph, perpendicular to 
which the flank is afterwards drawn ; 
6th, that the one-third pitch be laid off 
from the end of the radius upon which 
the instrument was set ; 7th, that by aid 
of a pair of dividers the face are be 
struck ; 8th, and finally, that the flank 
be drawn perpendicular to the line traced 
for the purpose, as above described. 
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3 VIEW Ol'' TEJE IS"STEUME.V 



As to the tables for the three instru- 
ments, those for the modified Willis 
odontogvaph are the most compact of 
all, having only four vertical colnnins 
and fourteen horizontal, or fifty -six 
blocks, including everything. The table 
for the Willis odontograph, as published 
in his book,* has nine vertical columns 
and twenty-eight horizontal, or 250 
blocks for figures. As printed on the 
card which accompanies the brass instru- 
ment, it has fourteen vertical columns 
and thirty horizontal ones, or 420 blocks 
for figures. The tables for the new in- 
strument, that for radial flanks and epl- 
cyeloidal teeth, has fourteen vertical 
columns and twenty-six horizontal ones, 
or -304 blocks for figures ; or, adding 
those for table for internal gearing, we 
get 353. It is believed also, tiiat table 
I might be reduced by cutting out about 
half of the horizontal columns, and still 
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the gape to be filled, in practice, by in- 
terpolation be no greater than in the 
tables for the Willis instrument. This 
would reduce the tables for the new odon- 
tograph, for eplcycloidal and rack and 
pinion gearing to 182 blocks for figures. 
Then adding the seventy-three blocks 
for figures in tables II and III, we have 
the tables for applying the new instni- 
ment to all ordinary forms of gears oc- 
cupying 255 blocks for figures, a number 
of places nauch less than is found in the 
tables on the printed card accompanying 
the Willis instrument, and but few more 
than given in the tables published in 
Professor Willis' book. Taking the 
table that accompanies the instrument, as 
the one which it is fair to compare 
with, we find the tables for the new in- 
strument most compact. 

Comparing the instrum.ents thcmselve.* 
for compactness, we see, by reference to 
the figures, that the modified Willis in- 
strument is a little ahead, though either 
this, or the new one, may be carried 
under the tuck of a common pocket- 
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book. In this regard, either of the new 
inetrumente possess a degree of porta- 
bility and ready nsefulnesa, not common 
to an instrument 6 X H inches, as in the 
older form of odontograph. In fact the 
new and modified instruments might be 
treated as mere "pocket pieces," the ac- 
com.panying tables being recorded in a 
note-boot. This matter of compactness 
of tables and instruments is, however, 
only of secondary importance when 
eounterposed with desirable results and 
facility of obtaining them. 

These comparisons indicate that the 
modified Willis odontograph has advan- 
tages in the minor points of compactness 
of instrument and tables. Bnt in the 
more essential qualities of simplicity of 
application, the new instrument, as above 
pointed out, appears to be superior in 
the ratio of sis to eight or nine ; and of 
form of tooth, superior in the almost ma- 
thematical correotneSK of the cui'ves for 
faces, and is having radial flanks, as in- 
dicated by Figs. 1, 2, 11, 12, and 13. 
Designers of gearing, familiar with 
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pi'operly formed gear teeth, however 
much they may admire the short-cuts 
secured by odontogi-aphs, will undoubt- 
edly deprecate the angularity of junction 
of flanks and faces found in the Willis 
tooth, and the rude approximation to 
correct tooth curves inseparable from the 
circle arc. The excessively thick base 
of tooth found in Fig. 1, 11, aad 13 nre 
nndesirable features. 

Fig. 12, as compared with Figs. 1] 
and 13, shows superiority in form of 
tooth, which, by those who advocate the 
common form of radial flanks at least, 
cannot be questioned. This superiority 
of form of tooth, added to the compact- 
ness of instniment and especially to the 
important advantage possessed by it of 
great facility of application, will, it is 
believed, merit for the new odontograpli 
decided preferences. 



Hosted by 



Google 



^^^^^^^^^s-'^^. 




Hosted by 



Google 



'^^^^^^^'^^TW 





Hosted by 



Google 




Hosted by 



Google 



Hosted by 



Google 



%* Anv book in tJiia Catalogve sent Ji-ee bu man en 
tvceipt of price. 

VALUABT_.E 

SCIENTIFIC BOOKS, 

1). VAN NOSTRAND, 

NEW YORK, 

FRANCIS. Lowell Hydraulic Erperinients, being a 
eelecllon fiom Experiments on Hydraulic: Molois, on 
tbe Flow of Waler oiier Weiis. in Upen Canals of 
Uuitbnn RvcODSular Section, and tbrough Bubmer^- 
ed OriAos and lEveixing Tubes. Made at Lowell, 
Maraacbiiaetts. By James R. Frani^ C E. xA 
«d^itm, revised and etilarged, with many new experi- 
ments, aod illustrated ■ritb twenty-tbree copperplate 
ei^ravii^s. I voL 410, cloth $is <w 

ROEBLING (J. A.) Lone and Short Span Railway 
Bri^B. By John A. Koebling, C. E. llluitiated 
Willi Jarge coppeiplate engravings of plans and views. 
Ii.iperial folio, cloth JSf" 

CLARKE (T. C.) Description of the Iron Railway 
Bridge over the Misdsuppi River, at Quincy. Illi- 
nois. Thomas Curds Clarke, Chief Engineer. 
Jllustrated with zi lithographed plans, t vol. 4to, 

TUNNER (P.) A Treatise on Koll-Tnming for the 
Manufacture of Iron. By Peter Tunner. Trans- 
lated and adapted by John B. Pearse, of the Penn- 



Hostecl by 



Google 



wood cu1< and lolio alJas of plans. 1 1' 

I&HERWOOD (B. F.) Engineerine Precedents fbr 
Sleam Machinery. Arranged in the mosl practical 
and uaefi.1 maimer ftr Engineers. By B. F. Ishei- 
«m>d. Civil Engineer, U. S, Navy. Witli Illoalr.i- 
tions. Two volumes in one. Svo.rloOi S: 

GELLUORE (Gen. Q. A,) Pracllal Treatise on the 
Construction ot Rta-k. Streets, and Pavements. By 
Q. A. GiUmore. Lt.-Col. U. S Caraa "t Eneineera, 
Brevet Major-Gen. V. S. Army- With 70 illustra- 
tions, tamo, doth ,. ? 

■ Bepiirt on Strength of the Building Stones in Ihe 

United States, etc, Svo, illustrated, cloth 1 

CAMPIN on the Construction of Iti,n Roofs. % 

COLLINS. The Private Book of Useful Alloys and 
Uemotanda for Goldsmiths. JevreUeta, &c. % 
James E. CoUins. iSmo, cloUi 

CIPHER AND SECRET LETTER AND TELE- 
GRAPHIC CODE, with Hogg's Improvements 
The most perfect secret code ever invented or dis- 
coyered. Impossible to read without the kejr. By 
C. S. Lambee, iSmo, cloth. 

COLBURN. The Gas Works of Londm. By Zerah 
Calbum,tXE. I vol limes boards..'--'.' 

CRAIG (E. ¥.} We^ts and Measures. An accoutil 
of Ihe Decimal System, with Tables of t;onvereiou 

M.D. 1 voL square 3"ino, limp cloth T. 

NUGENT. Treatise on Optics; or, IJght and S^hi, 
thcotetieally and practically treated : with the apph- 

Ni«ent. With one hundred and three illusttaBDHs. 

lancdolh i 

FREE HAND DRAWING. A Guide to Ornament. 



Hosted by 



Google 



HOWARD. Earthm.rk Men! 
bor-saving method of ahtai 
directly from End i 
and accompaoiod by 
By CoDway R. Hoi 
iuUnted, 3VO, doth 

GRUNER, Th: Man 
Gruner. Translali 
Smiiltwiib 



IS. lllusnatcd hy Eianiples, 
ain Roles lor Practical Uses, 
d, C. E., RichiKond, Vi. II- 



ifacture of Rleel By M. 



n the Frew 
ID Ihs r 



hy Unox 



the United Stales, by ibe traniiatot. lIliiEtriied by 
Idllu^rapbed drannngs aod wood cuts. Svo, doth.. : 

AUCHINCLOSS. Liiikaiid Valve Molions Simplified, 
lilustxaled witii ^7 -<.vl>od.tut9, ^nd 31 lithwraphic 
plates, togetber mih a Travel Scale, and numetoos 
usefiil Tables. By W. S. AiKhiudaii. 3v«,clolh.. 

VAN BUKEN. Invealigalioo! of Formulas, for the 
"■-eoglh of the Irw. parls^f Steam Macbinerr " 



J.I 

JOYNSON. 



:n, Jr„ C. E 



De^Rnins and ConslnKl^on of Madiine 
Illuslratea, Svo, clolb 



SAELTZEB. Tns 



Venlilatic 


r 




BUTLER (V 


vr* 


.SaSLSta.'.'.?:.': .. 


DICTIONARY of Maiiofactures, Mining Machinery, 
iindthe IndustrialJVrls. By. George Dodd. luno. 


Bndgesi 
Rohen I 


-eatis 
enn 


her Sttuctures of (food or Iron. By 
Bow, 0. E. .56 illnstrali™. Svo, 


BARBA (J,) 


The Use of Steel for Constructive Pur- 
elhod of Workiie. Allying, and Testing 
Brass. WilhaPterace by A. L. HoUey, 



Hosted by 



Google 



GILLMORE (Gen. Q. A.) Treatise on Limes, Hy- 
in ulk CemeDU. and Mortals. Papers on Fiacticsl 
Ei]£^hMrmjb U. S. £i^neer Uepartment, No. ^, 

dnctodin New York Oly, duiLng Uie jears iSsS W 
1861. indusive. By Q. A. Gillmore. Bvt. Mai -Gen., 
U. S. A., M^or, Corpa of EnRineers. Willi num. 
erouailloslrarions. i vol, Svo, clolh *. 

HARRISON. The Mechanic's Tool Book, with Prac. 
tical Rules and SuEgEStloni for Use of Machinists, 
Iron Workers, and others. 6v W. B. Hairison, 
associate editor of the "American Artisan." lUns- 
irated with 44 engrairinES. timo, cloth 1 

HENRICl (Olaua). Skeleton Structures, especially In 
their application (o the Bnilding pr Steel and Iron 
Bridges. By Olaus Henrici. With Ibldit^g plates 
and dlagrauu. t vol. Svo, doth 1 

HEVrSONIWm.) Prindples and Practice of Embank 
ing Lands from River Floods, as applied to the Le- 
vees of the Missisappi. By William Hewson, Civil 
Engineer. 1 vol. Svo, cloth....................... 3 

European Railway Practice, in the economical Gen- 
eration of Steam, including the Materials and Con- 
Btmction of Coal-buminE Boilers, Combuation, the 
Variable Bkst, Vaporization, Ciicnlation, Superheat- 
ing, SupplyinE and Ueatine Feed-water, etc, and 
the AdapIitiDn of Wood and Coke-boming Engines 
to Coal-buniing ; and in Permanent Way, including 
Boad-bed, Sleepers, Rails, Jdnt-fastemngB, Street 
Railway^ etc., etc. By Alexander L. HoHey, B. P. 
With 77 lithographed plales. i vol. folio, clolh 11 

KING (W. H.) Lessons and Practical Notes on Steam, 
Ihe Steam Engine, Propellers, etc., etc., for Young 
Marine Englneet^ Students, and others. By the 
lace W. H. King, V. S. Na<y. Revised by thief 
Engineer J. W. Itinj6 U 3. Navy, Nineleenib edi- 
tion, enlat^ed. flvo, cloth ..-....- 3 

MINIFIE|Wm.| Mechanical J Jraivins A Tesi-liook 
3f Geomelrica'. Dravring for the uso of Mechanic* 



Hosted by 



Google 



With illnslradoi 
!1evatiopsofBuJI 



on. fur the 

STILLMAN (Paul.) StMni En| 
Improved Manometer Steam 
their Utility and Appiicalioi 



mm, Abridwdfran 
or Schools, lllustra 






SWEET (S.,H.) Special Report oi 

difiereDl routes to larious pctnts in tba Stale or Kew 
York, and the principal cities on the Atlantic Coast. 
By S. H. Svreel. With maps, 1 vol. Evo, cloth 

WALKER (W. H.) Screw Propulaion. Notes oi. 
Screw Propnlaian : its Rise and History. ByCapI. 
W. H. W^ker, U. S. Navy, i vol. gyo, cloth 

WARD (J. H.) Steam for the Million. A popular 
Treatise on Steam and it> Application lo the Useful 
Arts, especially to Narigadon. By J. H. War<i, 
Commander U. S. Navy. New nnd revised edition. 

WIESBACH (Julius). A Uanul o( Theoie-Jcal Me- 
chanics. By Julius Weisbach, Ph D. I'ranelated 
from the fourth augmented and improved Geimiiii 
eailian,wlth an Introduclion to Ibe(;alculas,by Kck- 
leyB.Coxe, A. St., Mining Engineer, i.ioo pages, 



Hosted by 



Google 



I). VAN mobtrind'b ptbijcatjons. 
DlEDltlCH. The Thwrr of Strains, a Compeadium 

and Cranes, with Hie ippliralion of Triggnometiic^ 
XiKes. conuining the most compicheiijive informa- 
tioD ID regard (o the llesulIinE sUaiiiE for a perman- 

Rollingll.cad. In two sMdons, adadKd lo'ths" • 
qnireoMnts of Ihe prBent lime. By John U)edr[dl, 
U- £- Illustrated brDiini«ousp1at»anddiunDis. 

«™,doth 500 

WILLIAMSON (R.5.) Onthe UHoftheBarometeron 
Surveys and Reconoi^ssances- Pan I. Metflorolofy 
in its Connection with Hrpsometry. Partll. Ban>- 
metiig Hvpsomeliy. By R. S. Wiliamson, Bvt 
LJeuL-CoL. U. S. A,, Major Corps of Engineers 
With IHusnadve Tables and Engravings. Paper 
"No. tSt Frofessionai FaperSr Coj^ of Engineers. 

I voL 4(0, cloth.. p. . T^ DO 

POOK (S. M.) Method of CompariiK the Ijnes and 
Draudidng Vessels Propelled by S^ or Steam. 
Including a chapter on l-aying off on the Mould- 
Loft Floor. By Samuel M. Pook, Naval Construc- 

ALEXANDER (J. H.) Universal Dictionary of 
Weights and Measures, Ancient and Modern, re- 
duced to the standards of the United Stales of Ame- 
rica. By J. H. Alexander. New edition, enlarged. 

WANKLYH. A Practical Tndiss on the ExamisatiDD 
of Milk, and its Derivatives, Cream, Butter and 
Cheese. By J. Alfred Wanklyn, M. fi. C H., tamo. 

kCHARDS' INDICATOR. A Treatise on the kich 
ii-ds Steam En^ne Indicator, with an Appendix hy 

^ W. Bacon, M. E. iSmo, fleiible, clotii ion 

PORTIIR (C. T I A Treatise on the Richards Steam 
ti^^Tonirin the Steam hS^|rine?'°By1ha5«'T. 
Potter. Third edition, revised and enlarged. Sto, 
illustrated, cloth ..,,.....,... .....•■ 3 5c 





Hosted by 



Google 



POPE Modern Praclke of the Electric Telegraph. A 
Hand Book for JCIectriciansand operators. Ity Frank 
L.rops Ninth ed.tion, reviiiedandeiiJirKed,snd 
fully iJloslraleil. gio, chuh ti 

EASSIE (P. n 1 Wood »d its Uses. A Hand Book 
for the use of Contraclors. Bniiders, Architect, Ln- 
gineera, and Timber Merchants, By P. B. Kassie. 
Upwards of 150 illustriiions. Svo, cloth 

SABINE. Hisioryaiid Progress of the Kleclric Tele- 

Sy Robert Sabine, £.™ °S^o™ editi™Tm?h ad- 
ditions, lamo.cioth 

BLAKE. Cerandc An. A Report on Pottery, Porce- 
lain, Tiles, Terra Cona and Brick. By W. 1>. Hlake, 
U- S. Commissioner, Vienna Exhibition, 1S7.1, gvo, 

HENET. Eieclro-Balliitic Machines, and the Schnllz 
Uhronoscope. By LieuL-Col. S. V. Benel, Captain 
of Ordnance, U. S. Army. Illustrated, seiaind edi- 

MICHAELIS, The Le Boulenge Cbro»«rapli, with 
three Lithograph foldine plales of iiliBtralJons. By 
Brevet Captain O. E. MJchaelii, Pirst IJeutenant 

RNOINEERrNG FACTS AND FIGURES An 
.mnual Register of PiiKresa in Mechanical Engmeer- 
ing and Conatrticlion. for the years rS63, 6,, 6|, 5& 

per vol., ea£h volume sold separately......... 

HAMILTOV. Usefid Inlbrmalion for Railway Ken, 
Compiled by W. G, Hamilton, Engineer. Sixth edi- 
tion, revised and oalareed. 56J pages Pocket form, 

STUART IB.) How to Become a Successful Engineer. 
Being Hints to VontHs rotending to adopt the Pro- 



Hostecl by 



Google 



Military Engii 
lirL With 9. 

ETONEY. Tlie Theory of Strains in 
lar Elcucturu, vnth obseivalions on 






i, hy ( 



if Strength an 



Royal Svo, 664 



J jnofifiS^dc 

iDiiDuias lor Biraium Honxontali IncKned or Kafter, 

Triaiijiular, Bovntring. Lcnliciitai andotlm Truuei. 
ft^m iivpri aD(^ .noTLng loadii mlh practical ajmlica- 
imples, fer the use of Students aod Engi- 



s. By Si 



MERRILL. Iroi 






Breret Col. WiUiai; 



of IhE author's ociginat hw^ By S. Whipuie, C. E , 
inyeiitor of the Whipple Bridges, fit JiLusiraled 



ByO Chaniitb Chief Engineer, and George Uorri- 
son, Assistant Engineer. Illnstraled with five litho 
graphic views aTid twelve plates of plans. 4tD. cloth, I 
DUBOIS (A. J.) The Nen Method of Graphical Statics. 
By A. J Duboia. C. E., Ph. D. Willi 60 illiislra- 



Hostecl by 



Google 



n, VAS SOI 

MAC CORD., A l>racli9al Treatise on the Slide Val.s 

EccwTnc ui»n the Slide VaLue, ai.d explaining the 
Practical procESBei of laying out the movenienls, 

engine. For the use of Kngineers, Draughtsmen, 
Machiniat!, and SludenU of Valve Motions in gene 
rai. ByC. W.Mac Ccd, A. M.. Profcsjor of Me- 
chanical Drawing, Sleveos' Instilule of Technology, 
Hoboken. K. J7 Illuitraled by S full page copper- 
plates. 4to,doih t: 

KIRKWOOD. Report on the Filtration of Btver 

of the City of Si. Louis. By James P Kirkwood. 
Illusiraiedby 30 double plate engrauings. 4to, cloth, i; 
PLATTNER. Manual of Qualitative and Qoanlilalive 
Analy^ nilh the Blow Hpe. Ftoni tlie laslGeim&n 
edition, revisedand enlarged. By Fro£ Th. Richter. 
of the Ruyal Saion Mining Academy. Translated 
by Prof. H. B. Cornwall, Asjiaianl in the Columbia 
School ofMines, New York assisted by John H. 
Caswell, llluntated with Sy wood cuts, and one 
litlK^raphic plate. Third edition, revised, 560 pases, 

PLYMPTON. The Blow Pipe. A Guide to its Use 
in the Uelermioation of Sails and Mmerals. Com- 
piled from vaiioua sources, by George W, Plympion, 
C. E. A. M., j'rolessor of Physical Sdence in the 
PolyKchnio Institute, Brooklyn, New York, j.-iuli, 
tOoth 1 

PYKCHOtl. Introduction to Chemical Physics, design- 
ed lor the use of Academies. Colleges and High 

™"°'r"n'* 1"^"" "'^b"^"" r'^ I*"'"?' d"i.™' 
ff^.['p^rofe5M of Jhemi3l7rand''^°Xalural !w' 
cnces. Trinity College, Hart&rd Mew edition, re- 
vised and enlarged and illustrated by369illustration5 



Hosted by 



Google 



CLARK. Tbcoredol Navigation and Naulical Asliati- 
omv. Ky Lieut Lewia Clark, U. S. N. lUustrated 
with 41 vood cuts. Svo. dmh.. ..,-■-. ■---......' %i m 

HASKINS. TheGaltiinameter'auiitEUKE. A Man- 
ual for ElectricunE and Slndeuts. B; C. U. Has- 
kiDS, I itoD, pocket tbrm» morocco. - 1 » 

IfORRlS (E.) Fmv Riilo for the Ueasurement of 
EarlhwDi-ka, by Means of the Prisuioidal Formula. 
By Ellwood Hoiris, C. E. jB iJluslralioiis. Svo. 

BECKWITK. Obserrationa on the Materiala and 
Manulactuie of Terra-Cotta, Stone Ware, Fire Krick, 
F(irceliiiTi and Encaustic Tilei, with lemarki on the 
PTOducDexhi^tedat (ho London Intemationat Exh!- 
bidon, 1871. % Arthur Meckwilh, U. E. Svo, 
pKper- *' 

UORFIT. A Practical Treatisg on Pure FeRiliien, and 
the chemical cooversipn of RoclcGnaDO, Marlilones, 
Coprolitee. and the Crude Phosphite) of Lime and 
Alumina generally, into vaiious valuable products. 
By Campbell UorBt, H.D. , nitb aS illistratiTe plates, 

BARNARD. Toe Metric Syitem of Weights and 

6m of the Univeruty of the Stale of New York, at 
Albany. Angnst, iS?'- By F- A- P. Barnard, LL.D., 
Pnsiileiit of Colunib^ College, New York. Second 

lees of cXmbiaCcSlege. ™n'ted paper, 8vo, clolh 30. 

Report on Machinery and Processes on the In- 

duslrial Arts and Apparatus of the Eiacl Sdencea, 
By F. A. p. Barnard, LL. D. Paris Universal Ex- 

pODtion, 1E67. Illustrated, 890, doth. Jb 

ALLAN. TheoryofAtcho. By ProU W. Allan, for- 
merly ol Washington & Lee University, i8mo, b'rds 5c 
ALLAN (Prof W.) Stteneth of Beams under Trans- 
verse Loads. By PioffW. Allaa, author of "Theory 

of Arches." With illuelrations. iS mo, boards ji 

14 



Hosted by 



Google 



